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Fran  October  through  December  1979 >  DTNSRDC  collected  wave,  stress  and  pressure 
measurements  from  on  board  the  1000  foot  ore  carrier,  M/V  STEWART  J.  CORT.  An 
attempt  was  also  made  to  verify  the  wave  measurement  system  on  the  CORT  via 
correlation  with  data  from  a  wave  buoy  deployed  by  USCG  helicopter.  Following 
the  data  collection  period,  DTNSRDC  performed  a  preliminary  data  analysis  and 
made  comparisons  between  measured  and  analytical  bending  moment  RAO’s  (response 
amplitude  operators ) .  The  main  text  of  this  report  includes  a  complete  description 
of  the  full  scale  instrumentation,  calibration,  data  analysis  and  results. 


Included  as  additional  appendices  are  descriptions  of  the  procedures  used  to 
develop  the  analytical  RAO’s  used  by  DINSRDC  for  comparison  with  the  measured  RAO’s. 
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ABSTRACT 


Stress,  wave,  pressure  and  motion  data  were 
collected  on  a  1,000  ft  Great  Lakes  Ore  Carrier, 
the  M/V  STEWART  J.  CORT,  from  mid  October  through 
mid  December  1079.  Response  Anplitude  Operators 
(RAO's)  calculated  from  the  data  show  tte  springing 
response  of  such  ships  to  he  sensitive  to  ship 
speed,  draft  and  wave  to  ship  angle  of  encounter. 
Comparisons  of  measured  RAO's  from  the  collected 
data  with  analytical  RAO’s  calculated  by  the 
American  Bureau  of  Shipping  (ABS)  and  Webb  Institute 
of  Naval  Architecture  (WEBB)  show  the  ABS  springing 
model  to  give  good  estimates  of  the  ship  midship 
bending  response,  while  the  WEBB  springing  model 
tends  to  over-estimate  the  ship  bending  moment 
response.  A  method  for  predicting  the  combined 
wave  induced  and  springing  bending  stresses,  based 
on  the  statistical  properties  of  the  midship  bending 
stress  response  spectrum,  gives  a  generally  conservative 
estimate  of  the  maximum  single  amplitude  midship 
bending  stress.  The  combined  lateral  and  vertical 
bending  stresses  for  bow  sea  headings  examined  is  seen 
to  produce  a  maximum  deck  edge  stress  which  averages 
8  percent  higher  than  the  maximum  vertical  bending 
stress.  Torsional  stresses  were  found  to  be  negligible 
for  the  head  and  bow  sea  cases  this  project  concentrated 
on.  Comparison  of  the  on  board  wave  measuring  system 
system  with  wave  rider  buoys  and  visual  estimates 
of  wave  height  indicates  the  on  board  system  (a  Collins 
radar  altimeter)  to  be  an  acceptable  method  of  wave 
measurement.  Further  validation  tests  are  required. 


ADMINISTRATIVE  INFORMATION 

The  work  described  herein  was  performed  by  the  Ship  Structures  Division  of 
the  Structures  Department  at  the  David  W.  Taylor  Naval  Ship  R&D  Center  (DTNSRDC). 
The  wave  and  stress  measurements  and  analysis  of  springing  response  was  performed 
under  funds  provided  by  the  IJ.S.  Coast  Guard  Guard  MH’Il-Z-70')')-3-3Ml7-r>B.  This 
work  was  performed  at  DTNSRDC  under  work  unit  1730-603.  The  ship  motion  aad 
pressure  measurements  were  performed  under  funds  provided  by  the  Ship  Structure 
Committee  MIPR-Z70099-0-02259  and  Project  Order  No.  N6519779PO90714.  This  work  was 
performed  by  DTNSRDC  under  work  unit9  1730-400  and  17BO-613. 


This  report  summarizes  the  data  collected  on  board  the  Great  Lakes  Ore 
Carrier  M/V  STEWART  J.  CORT  during  the  1979  fall  shipping  season  and  presents  the 
results -of  the  data  analyses  in  an  attempt  to  develop  a  better  understanding  of  / 

springing  induced  stresses.  Data  collected  Includes  wave,  stress,  motion  and 
pressure  responses  from  transducers  located  throughout  the  ship.  Data  was  col¬ 
lected  from  mid  October  through  mid  December  1979  as  the  CORT  made  round  trip 
transits  between  Burns  Harbor,  Indiana  and  Burlington  Ore  Docks-Superior,  Wisconsin, 

via  Lakes  Michigan  and  Superior.  In  all,  data  was  collected  during  seven  round  trips. 

I 

Primary  emphasis  in  this  report  is  placed  on  the  analysis  of  wave 

j  • 

and  stress  <lata  recorded  during  the  data  collection  period  to: 

(1)  Determine  how  springing  and  wave  induced  stresses  combine  and 

(2)  Evaluate  the  validity  of  existing  analytical  springing  models. 

Data  runs  were  25  minutes  in  duration  with  most  data  taken  during  periods  when  the 
ship  was  encountering  head  or  Mw  seas.  All  analyses  reported  herein  will  be 
concerned  with  these  runs.  Pressure  data  from  15  pressure  transducers  located  in 
the  CORT' a  forward  quarter  were  also  recorded.  A  preliminary  analysis  of  this  data 
was  also  performed  and  presented. 

The  bulk  of  the  data  analysis,  however,  centered  on  the  examination  of  the 
midship  vertical  bending  stresses  and  measured  wave  heights  to  calculate  Response 
Amplitude  Operators  (RAO's)  to  help  develop  a  better  understanding  of  springing. 

Comparisons  are  made  between  calculated  RAO's  from  the  data  collected  and 
analytically  generated  RAO's  for  the  same  ship  conditions.  The  relationship  be¬ 
tween  springing  and  wave  Induced  stresses  and  how  these  stresses  combine  to  produce 
a  maximum  ib  examined  in  the  frequency  domain.  Measurements  were  also  made  of 
midship  lateral  bending  and  torsional  stresses  since  measurements  concentrated 
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on  head  and  bow  aaa  case*.  The  magnitudes  of  the  torsional  stresses  recorded  were 
much  smaller  than  the  midship  vertical  bending  stresses.  Magnitudes  of  torsional 
stresses  were  very  small  (less  than  200  psl)  and  are  reported  herein.  Lateral 
bending  stresses  were  combined  with  the  midship  vertical  bending  stress  in  the 
time  domain  to  determine  the  peak  deck  edge  stresses  recorded  during  certain 
runs. 

Comparisons  are  also  made  between  the  shipboard  wave  measuring  system  and 
wave  rider  buoys  launched  in  the  near  proximity  of  the  ship.  Two  systems  were 
employed  on  board  the  CORT  to  measure  wave  heights  during  these  trials.  The  first, 
a  Collins  Radar  Altimeter  waa  mounted  on  the  ships  bow  and  the  second,  a  microwave 
radar  previously  used  on  the  SEA-LAND  MCLEAN  (SL-7)  evaluation  (ref  1)  was  mounted 
on  the  CORT  pilot  house  top.  Both  systems  were  configured  and  installed  by  the 
Naval  Research  Laboratory  (NRL) .  The  NRL  system  was  performing  unreliably  and 
ceased  functioning  during  the  trials  period.  All  wave  measurements  reported  herein 
are  based  on  the  Collins  Radar  Altimeter. 

DATA  COLLECTION 

A  complete  list  of  measurements  made  on  the  CORT  during  the  Fall  1979  trials 
is  listed  in  Table  1  and  the  locations  of  these  measurands  are  given  in  Figures  1 
through  3.  The  data  acquisition  system  (DAS)  equipment  locations  for  these  trans¬ 
ducers  are  given  in  Figure  2.  Calibrations  of  transducers  were  performed  at 
DTNSRDC,  where  applicable,  and  shipboard  regularly  as  part  of  the  data  collection 
process.  A  description  of  calibrations  performed  and  transducer  sensitivities  is 
given  in  Appendix  A. 

All  data  collected  was  stored  digitally  on  magnetic  tape  using  data 
acquisition  software  developed  by  DTNSRDC.  A  PDF  11/03  computer  was  used  to 
control  the  collection  and  storage  of  the  digitized  data  on  magne’ ic  tape.  A 
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description  of  the  data  format  used  In  storing  the  data  on  tape  la  given  In 
Appendix  B.  The  data  for  each  run  was  stored  on  magnetic  tape  In  the  form  of 
analog  to  digital  (A/D)  computer  counts.  All  data  analyses  are  computed  using  the 
A/D  counts  and  converted  to  engineering  units  (EU)  after  computations  are  completed 
by  multiplying  the  value  computed  in  A/D  counts  by  the  Computer  System  Sensitivity, 
which  is  the  A/D  computer  counts  to  EU  conversion  factor.  Sensitivities  for  all 
data  channels  to  convert  from  computer  counts  to  engineering  units  can  be  found  In 
Appendix  A. 

A  listing  of  ship  conditions  (draft,  speed,  heading,  location),  and  sea 
and  wind  conditions  at  the  start  of  each  data  run  are  contained  In  header  logs 
which  were  stored  on  magnetic  tape  as  part  of  the  data  for  each  run.  A  listing  of 
the  header  logs  for  all  data  runs  conducted  during  the  fall  trials  season  Is  given 
In  Appendix  C.  Appendix  C  also  briefly  explains  the  entries  Into  the  header  logs 
and  how  each  entry  was  determined. 

All  measurands  were  recorded  during  each  data  run  made  with  the  following 
exceptions.  Wave  Information  from  the  wave  rider  buoy  was  collected  only  on  the 
runs  designated  as  "buoy  runs."  These  "buoy  runs"  were  accomplished  only  when  the 
buoys  were  deployed  from  CORT  by  a  U.S.  Coajpt  Guard  helicopter.  The  helicopters 
were  stationed  at  the  Traverse  City,  Michigan  and  Chicago,  Illinois  USCGAS  and 
would  rendezvous  with  CORT  as  conditions  permitted.  The  buoys  would  be  picked  up 
from  the  CORT's  deck  by  the  helicopter,  deployed  3  miles  forward  of  the  CORT's 
course,  data  were  collected  as  the  CORT  approached  and  past  the  buoy,  and  the  buoy 
would  be  retrieved  by  the  same  helicopter  and  returned  to  the  CORT  deck.  Ia  all 
only  two  such  runs  were  completed.  The  NRL  micro-wave  radar  ceased  functioning 
for  the  last  two  round  trips  and  no  NRL  wave  data  Is  available  for  runs  91  through 
119.  Additionally,  the  NRL  radar  consistently  had  long  periods  of  drop  out 
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(bo  signal)  during  nose  does  runs  and  for  the  data  runs  with  little  or  no  drop 
out,  the  calculated  wave  heights  froa  the  NRL  signal  wera  far  in  excess  of  visual 
estlaates  of  the  existing  .waves.  The  Collins  Radar  altiaeter  also  exhibited 
occasional  drop  outs  but  of  such  shorter  duration  and  less  frequently  than  did  the 
URL.  The  Collins  Radar  drop  outs  ware  conpenaated  for  in  the  software  by  linearly 
connecting  the  last  valid  data  point  befors  a  drop  out  (of  less  than  2  seconds) 
with  the  next  valid  data  point  after  a  drop  out,  interpolating  for  the  aissing 
data,  and  then  performing  the  wave  height  analysis.  Runs  with  drop  outs  of  more 
than  2  seconds  were  not  Included  in  the  data  analysis.  For  this  reason,  only  the 
wave  heights  arrived  at  using  the  Collins  radar  were  employed  for  data  analysis. 
Pressure  gages  six  and  fourteen  becaae  unreliable  during  the  data  collection  season, 
even  though  both  gages  perforaed  according  to  aanufacturers  specifications  during 
laboratory  calibrations  and  upon  installation  in  August  of  1979.  Gage  fourteen 
becaae  unbalanceable  shortly  after  the  data  collection  season  began.  Bridge  resis¬ 
tance  values  wera  checked  for  the  gage  and  found  to  be  out  of  the  typical  range  of 
resistances  specified  for  these  gages,  indicating  internal  gage  damage.  All  wiring 
was  checked  froa  the  instrumentation  to  the  gage  and  found  to  be  in  good  condition. 
Pressure  gage  six  was  balanceable  and  gave  the  expected  bridge  output  when  shunted 
with  a  calibration  resistor.  However,  this  gage  eshlbited  occasicnal  voltage  juaps 
In  excess  of  those  gages  positioned  In  the  near  proxialty  of  this  gage.  All 
cabling  and  connections  were  checked  and  found  to  be  good.  Different  sets  of 
signal  conditioners  were  also  used  with  this  gage,  with  the  saae  voltage  Juaps  ex¬ 
hibited.  The  gage  should  be  considered  unreliable  for  data  analysis  purposes.  Re¬ 
placement  of  these  gages  as  trials  progressed  was  deemed  unfeasible  since  gage 
replacement  would  require  the  use  of  divers.  The  reliability  of  the  bottom  bending 
gage  becaae  questionable  as  data  analysis  progressed  and  is  discussed  in  Appendix  A. 
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Data  analysis  was  conducted  with  the  main  objectives  of  this  investigation 
in  mind. 

1)  Evaluate  the  validity  of  existing  analytical  tools  for  computing 
springing  response  and 

2)  Determine  how  springing  and  wave  induced  stresses  combine  as  r  axima. 

The  primary  emphasis  for  data  analysis  was  placed  on  head  and  bow  sea  data  runs, 
since  these  runs  contained  the  maximum  hull  girder  stresses  recorded  during  data 
collection.  For  the  purpose  of  this  report,  data  runs  with  wave  to  ship  heading 
angles  of  0  to  15  degrees  will  be  categorized  as  head  sea  runs  and  bow  sea  runs 
will  be  categorized  as  runs  with  wave  to  ship  heading  angles  of  15  to  45  degrees. 
Data  runs  are  further  grouped  into  loaded  and  ballast  runs  to  reflect  the  ship's 
difference  in  draft  for  these  runs.  This  categorization  is  done  for  the  purpose 

of  grouping  similar  operating  conditions  together  for  the  presentation  of  the  data. 
MIDSHIP  BENDING  STRESS  RAO’s 

RAO's  were  calculated  for  the  CORT  main  deck  vertical  bending  stress  and  can 

2 

be  converted  to  main  deck  vertical  bending  moment  using  the  CORT  section  properties 
(CORT  main  deck  section  modulus  »  94,800  in  -  ft  ).  The  RAO's  calculated,  are  done 
so  in  terms  of  the  ship's  encounter  frequency,  fg.  An  RAO  for  the  CORT  midship  ver¬ 
tical  bending  stress  is  simply  the  response  power  spectral  density  Sgn)  (midship 
bending  stress)  at  frequency  fg  divided  by  the  forcing  function  power  spectral 
density  SuH  (wave  height)  at  frequency  fe,  and  has  units  of  psi*/  ft*.  Further,  the 
square  root  of  the  RAO  values  are  used  to  facilitate  comparison  with  the  analytic¬ 
ally  generated  RAO’s  and  are  presented  as  such.  The  calculation  of  the  root  RAO 
is  described  by: 
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where: 


JRA 0  (/.)•* 


-  Che  root  response  amplitude  operator  as  a 
function  of  encounter  frequency, 

S-.U)  ■  the  response  spectral  density  (bending  stress  or 

bending  moment)  as  a  function  of  encounter  frequency, 


■  the  wave  spectral  density  as  a  function  of  encounter 
frequency. 

The  spectral  analyses  performed  were  accomplished  using  the  digital  data 
1 

tapes  and  an  FFT  algorithm  programmed  for  the  PDP  '1/03  computer.  The  parameters 
of  Interest  for  the  spectral  analyses  were  a  frequency  range  of  from  0  to  2.5  Hz, 
256  spectral  lines  in  the  specified  range,  and  26  ensemble  averages.  The 'FFT 
algorithm  also  processed  two  channels  of  data  simultaneously  and  computed  the  co- 
spectrum  between  the  two  channels.  The  data  was  digitized  at  a  rate  of  10  samples/ 
second  for  comparability  with  the  NRL  wave  measuring  system  which  outputs  a  digital 
data  signals  at  this  rate.  A  5  Hertz  sampling  rate  was  used  for  data  analysis  by 
skipping  every  other  data  point.  If  the  NRL  unit  is  not  employed  in  future 
efforts  a  lower  sampling  rate  should  be  considered  (on  the  order  of  5  Hertz), 
which  would  reduce  the  number  of  data  points  to  be  handled.  A  sample  rate  of  5 
samples /second  still  adequately  defines  the  frequencies  of  Interest  for  this 
vessel.  A  maximum  ensemble  size  of  512  points  was  established  for  on  board  data 
analysis  due  to  the  memory  size  of  the  PDP  11/03  and  the  data  storage  requirements 
of  computing  the  co-spectrum  and  power  spectrum  for  two  channels  simultaneously. 


7 


With  Che  sampling  rate  of  5  Hertz  for  data  analysis,  the  FFT  algorithm  used 
(a  full  cosine  window  with  50%  overlap),  and  a  record  length  of  1500  seconds, 
the  spectral  analyses  perforated  resulted  in  55  degrees  of  freedom  per  spectral 
estimate.  The  power  spectra  thus  calculated  can  be  defined  in  terms  of  the  RMS 
peak  to  peak  amplitude  where: 

•WSps-r*2  ,/8'AMA  UmOCR  SPiCTRrUH  (2) 

The  term  Sffl  (&)  in  equation  (1)  is  not  a  term  that  can  be  arrived  at 
solely  by  computing  the  spectral  density  from  ei'her  wave  measuring  system's  range 
signal.  For  the  case  of  the  Collins  Radar,  the  horns  were  mounted  rigidly  to  a 
boom  which  extended  15  feet  forward  of  the  CORT  bow  and  were  angled  25  degrees 
with  respect  to  vertical.  The  extension  and  angling  of  the  horns  provided  a  target 
area  for  the  radar  sufficiently  forward  of  the  ships'  bow  wake  to  eliminate 
corruption  of  the  encountered  wave  height  measurement The  spectrum  of  the  ver¬ 
tical  com-onent  of  this  signal  can  be  calculated  directly,  but  this  calculation 
does  not  take  into  account  the  error  introduced  into  this  measurement  due  to  the 
motion  of  the  ship's  bow.  To  subtract  the  motion  of  the  ship  from  the  Collins 
range  signal  spectrum  and  arrive  at  a  true  wave  height  spectrum  for  the  Collins 
radar,  an  approach  using  the  cross  spectrum  between  the  Collins  radar  and  Collins 
vertical  accelerometer  was  employed. ^  This  approach  involves  manipulations  of  the 

Collins  vertical  acceleration  spectrum  (from  the  accelerometer  mounted  on  the 

* 

Collins  radar  horns),  the  Collins  range  spectrum  and  the  cross  spectrum  between  the 
two  to  result  in  a  wave  spectrum.  The  formulation  to  achieve  this: 

SWH(w«)  *  ^  Sa(<*M  -  C„A<w«)  o) 
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where : 


wave  spectral  density  as  a  function  of 
encounter  frequency 

5*(w«)  *  vertical  component  of  Collins  range,  signal 
spectral  density  as  a  function  of  encounter 
frequency 

SA<W«)  *  spectral  density  of  the  vertical  accelerometer 

» 

mounted  on  the  Collins  radar  horns  as  a 
function  of  encounter  frequency,  and 
cross  spectrum  of'S||andSA  as  a  function  of 
encounter  frequency. 

The  measured  roll  of  the  ship  for  the  data  runs  of  Interest  (head  and  bow 
seas)  was  small  (less  than  1°)  and  with  the  radar  horns  mounted  on  the  ship  long¬ 
itudinal  centerline , the  error  Introduced  is  considered  negligible.  Equation  (3) 
was  programmed  into  the  onboard  computer  software  to  calculate  a  "corrected’*  wave 
height  spectrum  and  convert  this  spectrum  to  fe  before  the  RAO  was  computed. 


The  magnt  tj 
about  n 


Jde  of  the  correction  for  ship  bow  motion  was  generally  on  the  order  of  1 

(• 

fj  the  range  signal.  Figure  4  (a)  illustrates  the  range  spectrum, 
acceleration  spectrum,  and  cross-spectrum  between  the  range  and  acceleration 
spectrum  for  a  typical  data  run  in  the  loaded  condition.  The  corrected  wave  height 
spectrum  arrived  at  using  equation  (3)  Is  illustrated  in  the  Figure  4(b).  The 
midship  bending  stress  spectrum  is  illustrated  in  Figure  4(c)  and  the  resulting 
Iraq  u  shown  in  Figure  4  (d).  All  RAO's  presented  were  arrived  at  in  a  similar 
manner. 
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Figures  5  through  8  give  ell  the  RAO’s  calculated  from  the  fell  trials  data 
for  head  and  bow  seas  in  both  the  loaded  and  ballast  conditions.  The  RAO's  are 
given  as  the  root  of  the  RAO  (aidship  vertical  bending  stress  or  noment/  foot  of 
wave  height)  versus  encounter  frequency,  f€,  (Herts).  The  RAO's  are  grouped 
according  to  heading  (head  or  bow  seas)  and  draft  (loaded  or  ballast)  condition. 
One  will  note  the  slight  shift  in  the  RAO  peak  between  the  loaded  and  ballast 
condition.  The  shift  in  the  RAO  peak  is  due  to  the  difference  in  ship  draft  bet¬ 
ween  the  two  conditions.  This  change  in  draft  between  the  two  conditions  corres¬ 
ponds  to  a  change  in  the  ship's  displacement  and  the  virtual  mass  of  the  water 
acting  with  the  ship;  thus  producing  a  change  in  the  ship's  natural  frequency. 
This  can  be  seen  as  true  if  one  considers  the  relationship  between  the  ship's 
natursl  frequency  and  the  ship's  actual  and  virtual  aass.  The  ship  natural 
frequency  is  seen  to  vary  as  the  inverse  of  the  square  root  of  the  sum  of  the 
actual  and  virtual  displacement  of  the  ship.  In  the  fully  loaded  condition  the 
displacement  and  virtual  mass  of  the  CORT  is  approximately  200k  tons,  while  in  the 
ballast  condition,  the  displacement  and  virtual  mass  of  the  ship  is  approximately 
175k  tons.*  Using  these  values  one  can  write: 


and 

-5.  o.94 

^MUAST 
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The  shifting  of  the JRAO  peeks  of  approximately  6  percent  between  the  loaded  and 
ballast  conditions  can  be  attributed  to  this  phenomenon. 

One  will  note  the  scatter  in  thejRAO  peak  magnitudes  for  the  groupings  given, 
and  that  the  peak  in  the /RAO  does  not  appear  to  be  solely  a  function  of  vessel 
speed,  heading  or  draft  based  on  the  data  analyzed.  The  frequency  of  the^AO 
peaks  is  more  consistent  for  each  grouping  given.  To  create  a  representative 
springing JM6  for  the  four  groupings  given  end  to  assess  the  variability  in  thejRAO 
for  each  grouping,  an  average JftAd  and  standard  deviation  from  the  averagejRAb  were 
calculated  for  each  grouping.  The  average JRAO  and  standard  deviation  are  given  in 
Figures  9  through  12.  Both  the  average JrAO  and  standard  deviation  were  calculated 
by  computing  the  average  and  standard  deviation  of  the  magnitude  of  thejRAO’ s  for  a 
particular  grouping  at  each  frequency  spacing.  As  one  will  note  from  the  figures, 
the  magnitude  of  the  standard  deviation  is  about  half  of  the  magnitude  of  the 
average JRAO  demonstrating  the  different  response  characteristics  for  somewhat 
similar  ship  conditions  and  indicating  the  sensitivity  of  springing  response  to 
slight  changes  in  heading,  draft,  and  speed,  or  to  possible  uncertainty  and 
variability  in  the  wave  measurements. 

To  see  if  a  relationship  exists  between  the  wave  energy  at  the  springing 
frequency  and  the  springing  response,  a  plot  was  made  of  the  peak  magnitude  of  the 
JRAO  versus  the  square  root  of  the  area  under  the  wave  height  spectrum  eight 
frequency  lines  to  either  side  of  the  peak  in  the  springing  response  spectrum. 

This  plot  is  given  in  Figure  13(a).  A  similar  plot  was  made  of  the  peak  magnitude 
of  thejRAO  versus  the  measured  significant  wave  height.  This  plot  is  given  in 
Figure  13(b).  Plotting  the  data  in  either  manner  shows  no  discernable  trend  as  to 
a  relationship  between  springing  response  and  wave  energy  at  the  springing 


11 


frequency  or  springing  response  and  overall  wave  energy.  This  is  as  expected  since 
theJRAO's  exhibited  large  scatter  for  snail  changes  in  ship  operating  and  environ- 
aental  conditions. 

COMPARISON  OF  MEASURED  AND  THEORETICAL  MIDSHIP  BENDING  MOMENT  RAO’s 

Eight  data  runs  were  selected  for  comparison  of  measured  and  analytically 
calculated  RAO's.  The  selection  of  measured  data  runs  for  comparison  was  done 
primarily  on  the  basis  of  using  those  data  runs  where  a  predominant  sea 
existed  from  one  direction  (as  best  that  could  be  visually  determined)  even 
though  it  is  realized  that  some  wave  spreading  still  occurs.  Additionally, 
it  was  desired  to  have  as  many  ahip  operating  parameters  (draft,  speed,  heading) 
varied  as  was  possible  in  varying  sea  states,  to  see  how  the  existing  analytical 
tools  predicted  the  ship's  response  characteristics  for  these  varying  parameters. 
The  eight  data  runs  selected  are  given  in  Table  2  along  with  the  respective  ship 

parameters  that  existed  when  the  data  was  taken.  The  measured  significant  wave 

« 

heights  for  these  data  runs  are  also  given  in  Table  2. 

The  input  parameters  (ship  speed,  ship  drafts  forward,  amidship,  and  aft, 
and  wave  to  ship  angle)  were  supplied  to  the  American  Bureau  of  Shipping  (ABS)  and 
Webb  Institute  of  Naval  Architecture  (Webb)  for  the  calculation  of  RAO's  for  these 
cases.  The  first  mode  natural  bending  frequency  of  the  CORT  was  also  supplied 
to  Webb  as  this  parameter  is  also  an  input  parameter  for  their  analytical 
formulation.  The  analytical  RAO's  and  the  measured  RAO's  for  these  cases  are 
given  in  Figures  14  through  21.  (ABS  -  APPENDIX  E;  Webb  -  APPENDIX  G) 

To  assess  how  each  analytical  model  predicts  the  springing  bending  moment 
response  of  the  CORT,  the  analytical  RAO's  were  squared  and  multiplied  by  the 
measured  wave  spectrum  for  each  case  to  arrive  at  a  springing  bending  moment 
response  spectrum  for  the  analytical  RAO's.  The  springing  bending  moment  response 

12 

•(APPENDIX  D  contains  time  histories  for  these  8  conditions  In  Table  2.)  . 


spectra  thus  arrived  at  from  both  analytical  RAO's  and  the  actual  measured  bending 
moment  response  spectrum  for  each  case  are  given  in  Figures  22  through  29.  It  is 

a 

worth  noting  that  for  some  cases  the  WEBB  response  spectra  are  plotted  to  a  dif¬ 
ferent  scale.  The  significant  springing  bending  moment  (average  of  the  1/3  highest 
peak  to  peak  variations)  were  calculated  from  these  response  spectra  by  taking' the 
square  root  of  the  area  under  each  spectrum  and  multiplying  by  four.  The  sign¬ 
ificant  springing  bending  moments  thus  arrived  at  are  given  in  Table  3.  From 
Table  3  one  will  see  that  the  ABS  model's  significant  springing  bending  moments 
compare  fairly  well  with  the  measured  bending  moments,  while  the  WEBB  bending 
moments  tend  to  be  larger  than  the  measured  bending  moments  by  about  a  factor  of 
two.  (For  additional  calculations  see  APPENDIX  F  (U.  of  Mich)  &  APPENDIX  H  (DnV)) 
COMBINING  OF  WAVE  INDUCED  AND  SPRINGING  STRESSES  AS  MAXIMA 

The  manner  in  which  the  wave  induced  and  springing  components  of  the  midship 
vertical  bending  stress  combine  was  analyzed  in  the  frequency  domain.  In  the 
frequency  domain,  the  statistical  properties  of  the  midship  vertical  bending  stress 
spectrum  were  employed  to  see  how  these  two  components  of  the  midship  bending 
stress  spectrum  combine  to  form  a  maxima.  A  typical  response  spectrum  is  shown  in 
Figure  4.  The  spectrum  contains  two  peaks.  The  first  peak  at  the  lower  frequency 
is  the  wave  induced  portion  of  the  vertical  bending  response  and  the  second  peak  at 
the  ship  hull  natural  frequency  (<*  .34  Hz)  corresponds  to  the  ships  springing 
response. 

For  a  narrow  band  single  peaked  spectrum  the  number  E  represents  the  mean 
squared  value  of  the  peak  to  peak  variations  of  the  individual  frequency  components 
which  make  up  the  ship's  response.  For  a  double-humped  spectrum  like  the  one  given 
in  Figure  4(c),  the  area  under  each  hump  represents  the  sum  of  the  squares  of  the 
individual  frequency  components  which  make  up  that  portion  (springing  or  wave 
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induced)  of  Che  ship's  response.  Additionally,  for  a  narrow  band  spectrum  of  a 
random  variable  with  a  zero  mean  such  as  the  springing  and  wave  induced  portions 
of  the  midship  bending  moment,  the  area  under  the  spectrum  is  equal  to  one  eighth 
the  mean  squared  value  of  the  peak  to  peak  variations,  so  that: 


where: 

Yj  -  is  the  1th  peak  to  peak  variation  (crest  to  trough),  and 
Ep  -  is  the  mean  squared  value  of  the  peak  to  peak  variations. 

Further,  if  the  sample  contains  N  peak  to  peak  variations  (with  N  100) 
the  probable  maximum  peak  to  peak  value  of  Y  is  given  as'': 

Y*A*a>/Ep  n  (6) 

The  use  of  Ep  in  equation  (6)  gives  an  estimate  of  the  maximum  peak  to  peak 
variation  in  the  set.  However,  this  need  not  be  indicative  of  the  maximum  single 
amplitude  excursion  that  occurs  ^i.e.,  mean  to  peak).  The  midship  bending  response 
is  comprised  of  a  springing  component  which  has  a  relatively  constant  frequency, 
but  varying  amplitudes  and  a  wave  Induced  component  which  has  varying  frequencies 
as  well  as  amplitudes.  As  such,  the  maximum  single  amplitude  peak  (with  respect  to 
the  mean)  need  not  be  (and  generally  is  not)  equal  to  one  half  the  maximum  peak  to 
peak  variation  in  the  record,  but  is  somewhat  larger.  Therefore,  a  method  for 
predicting  how  wave  induced  and  springing  stresses  combine  should  be  one  which 
predicts  the  maximum  single  amplitude  peak  in  the  record  and  should  be  compared 
against  the  measured  maximum  single  amplitude  peak. 


"  area  under  power  spectrum 


N  , 

.1 rXie 

5z_,  n  a 


(5) 
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One  cen  estimate  the  probable  maximum  peak  value  for  either  the  springing  or 
wave  induced  component  of  the  combined  response  by  calculating  the  area  under  the 
springing  or  wave  induced  portion  of  the  combined  response  spectrum  (Ep  ■  8  x  Area) 
determining  the  respective  number  of  variations  in  the  sample  record  N,  and 
employing  the  following  relationship: 


Ynai<ms  rjj  l°Sa  N  <7) 

If  one  were  to  add  the  probable  maximum  peak  responses  calculated 
using  equation  (7)  for  the  springing  and  wave  Induced  components  of  the 


response  spectrum,  one  would  have 


Y  *Y 

'mas -Cams  i 


mss- cent"  'swtt-frs-px  mss-wavs-sh 


Where , 


•  18  the  probable  maximum  combined  peak  response  when 
the  maximum  springing  and  wave  Induced  responses  occur 
simultaneously: 

—  ip  the  mean  squared  value  of  the  peak  to  peak  spring- 
ing  variations: 

F WAYf  -  is  the  mean  squared  value  of  the  peak  to  peak  wave 

Induced  variations,  and 

—is  the  respective  number  of  springing  and  wave  Induced 
variations  in  the  sample  record.  Each  N  can  be  approxi¬ 
mated  by  multiplying  the  frequency  at  each  respective 
peak  in  the  spectrum  by  the  run  length. 

Using  equation  (8)  one  would  arrive  at  the  probable  maximum  peak 
variation  when  the  springing  and  wave  induced  components  were  both  a 


MAS- COM* 
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maximum  and  occurring  simultaneously.  The  probability  of  this  occurring  Is 
l/(  *  NwAVt  )  and  leads  to  a  generally,  but  not  always  conservative 

estimate  of  the  maximum  bending  moment  response.  Table  4  gives  the 
maximum  peak  responses  calculated  from  the  data  using  equation  (8).  Also 
given  in  Table  4  are  the  actual  peak  values  recorded  for  that  particular 
data  run  and  the  ratio  of  calculated  peak  response  to  measured  peak  res¬ 
ponse  times  100  percent.  As  an  indication  of  how  equation  (8)  predicts  the 
maximum  peak  response,  the  ratio  of  calculated  expected  maximum  response 


to  actual  measured  maximum  response 


x  100  percent  is  plotted  versus  fre¬ 


quency  of  occurrence  in  Figure  30.  |^he  existing  data  base  is  somewhat 
limited,  but  one  can  see  that  this  method  of  combining  springing  and  wave 


induced  responses,  although  somewhat  empirical,  generally  provides  'a 

j 

conservative  estimate  of  the  expected  maximum  peak  bending  stress.  !  If  a 


larger  data  base  were  available  to  better  define  the  shape  of  the  histogram 
one  would  be  able  to  assign  a  confidence  limit  factor  to  equation  (8) 
from  the  histogram  so  that  one  would  be  assured  that  equation  (8)  predicted 
at  least  the  maximum  expected  response  a  certain  percentage  of  time.  The 
small  data  base  and  relatively  poor  definition  of  the  histogram  as  it  now 
exists  precludes  the  use  of  the  fojrmulation  for  predicting  a  maximum 
response  with  any  degree  of  certainty.  A  possible  follow  on  effort  to 
increase  the  data  base  and  better  define  the  histogram  shape  would  be  to 
similarly  analyze  the  midship  bending  stress  records  collected  from 

i 

previous  seasons  on  the  C0RT.  This  additional  data  could  then  be  incor¬ 
porated  with  the  79  season  data  and  an  estimate  of  a  confidence  limit 
factor  arrived  at  for  implementing  equation  (8). 


MAXIMUM  DECK  EDGE  AND  MIDSHIP  TORSIONAL  STRESS 


Midship  lateral  bending  stresse*  were  recorded  to  determine  the 
magnitudes  of  these  stresses  and  to  determine  whether  these  magnitudes 
were  sufficiently  large  to  produce  an  unsafe  deck  edge  stress  when  combined 
with  the  midship  vertical  bending  stress.  A  typical  midship  lateral 
bending  stress  response  spectrum  is  given  in  Figure  31.  The  lateral  bend¬ 
ing  stress  response  spectrum  is  similar  to  the  vertical  bending  stress 
response  spectrum  in  that  it  contains  two  peaks  where  the  response  energy 
is  concentrated.  The  first  peak  (low  frequency)  corresponds  to  the  wave 
Induced  lateral  bending  energy  and  the  second  peak  (high  frequency)  corr¬ 
esponds  to  the  ships  first  mode  lateral  bending  frequency.  From  the  runs 
analyzed,  the  first  mode  lateral  bending  frequency  is  approximately  .76 
Hertz  In  the  fully  loaded  condition  (27  foot  draft)  and  approximately  .92 
Hertz  in  the  ballasted  condition  (approx  19  foot  forward  draft).  A  listing 
of  the  peak  lateral  bending  stress  (single  amplitude)  and  the  peak 
vertical  bending  stress  (single  amplitude)  for  the  bow  sea  runs  examined 
is  given  in  Table  5.  Also  given  in  Table  5  are  the  peak  deck  edge  stresses 
measured  for  those  same  data  runs.  The  deck  edge  stresses  were  arrived  at 
by  adding  the  vertical  and  lateral  bending  stresses  in  the  time  domain  to 
produce  a  time  history  of  the  deck  edge  stress.  A  peak  analysis  of  this 
time  history  was  then  done  to  determine  the  maximum  single  amplitude  deck 
edge  stress  in  the  record.  Based  on  this  analysis,  the  lateral  bending 
stresses  when  combined  with  the  vertical  bending  stresses  tend  to  produce  a 
maximum  deck  edge  stress  which  averages  about  8  percent  higher  than  the 
maximum  vertical  bending  stress  recorded  for  these  data  runs. 
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Midship  torsional  stress  was  also  recorded  throughout  these  trials* 

The  midship  torsional  stresses  recorded  were  very  small  and  a  single 
amplitude  peak  stress  of  greater  than  200  psl  was  never  attained*  Tills 
Is  due  in  part  to  the  concentration  of  data  collection  on  predominantly 
head  sea  conditions,  although  large  midship  torsional  stresses  still 
weren't  realized  for  any  of  the  bow  sea  cases  either.  A  listing  of  the 
maximum  single  amplitude  torsional  stresses  recorded  is  given  in  Table  6 
for  the  bow  sea  runs  examined. 

COMPARISON  OF  COLLINS  RADAR  AND  WAVE  RIDER  BUOY  MEASUREMENTS 

Two  data  runs  (runs  70,  71)  were  completed  during  the  1979  trials 
season  when  a  wave  rider  buoy  was  deployed  in  the  immediate  vicinity 
of  the  ship  by  a  USCG  helicopter  assigned  to  USCGAS  Traverse  City.  The  buoy 
was  picked  up  by  helicopter  from  the  ship’s  deck  and  deployed  three  miles  forward 
of  CORT  and  directly  on  the  ship's  course.  Data  was  collected  from  the  buoy,  in 
addition  to  all  other  sensors  comprising  the  CORT  data  acquisition  system,  as  the 
ship  approached  the  buoy  and  overtook  it.  Data  collection  was  terminated  when 
the  ship  was  out  of  signal  range  of  the  buoy.  Both  data  runs  were  taken 
one  after  the  other  while  downbound  on  Lake  Michigan  and  were  approximately 
20  minutes  in  duration.  Subsequent  -“attempts'  At  obtaining  buoy  correlation 
data  runs  were  unsuccessful  due  either.,  ft*- ship- location 'during  daylight  hours, 
(e.g.  outside  the  range  of  a  helicopter  station)  or  to  weather  too  severe 
for  safe  helicopter  operations. 

Comparisons  between  wave  height  power  spectral  densities  calculated 
from  the  wave  rider  buoy  and  Collins  radar  for  runs  70  and  71  are  given  in 
Figures  32  and  33  respectively.  These  figures  give  the  wave  height  power 
spectral  density  as  a  function  of  wave  frequency.  To  arrive  at  the  Collins 
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radar  wave  height  power  spectral  density  as  a  function  of  wave  frequency, 
the  corrected  (for  ship  motions)  Collins  wave  height  spectrum  was  first 
calculated  as  a  function  of  encounter  frequency  using  equation  (3)  and 
then  converted  to  wave  frequency  using  the  relationship: 

SWN(u>)  =  Sws(we)  J  l*4pV$  Cos©  j  (9) 

The  buoy  wave  height  power  spectrum  was  calculated  by  dividing  the  buoy 
acceleration  power  spectral  density  as  a  function  of  CO  by  its  respective 
frequency  to  the  fourth  power,  or 

SWM(Wi)#U0Ya  Sa^^IuOY J  W  *  (10) 

One  will  note  in  both  Figures  32  and  33  that  the  buoy  spectra  are 
labeled  "corrected."  This  is  because  the  original  signal  sensitivity 
supplied  with  the  buoy  and  receiver  was  in  error.  A  calibration  of  the 
buoy  in  a  NOAA  dynamic  wave  rider  buoy  calibrator  subsequent  to  the  com- 
pletion  of  fall  trials  showed  the  buoy  calibration  sensitivity  to  be 
linearly  increasing  with  increasing  frequency  with  respect  to  the  original 
calibration  sensitivity.  This  correction  was  applied  to  the  originally 
calculated  buoy  spectra  to  arrive  at  the  buoy  spectra  shown  in  Figures 
32  and  33. 

As  is  evidenced  by  Figure  32  the  buoy  and  Collins  Radar  wave  heights 
compare  reasonably  well,  with  the  buoy  indicating  a  significant  wave  height 
of  2.32  ft  and  the  Collins  Radar  indicating  a  significant  wave  height  of 
2.97  ft.  These  numbers  agree  well  with  the  2  to  4  ft  waves  visually  observed. 
The  lesser  agreement  between  the  buoy  and  Collins  radar  for  run  71  can  be 
attributed  to  the  buoy  passing  to  the  ships  leeward  side  for  a  portion  of  the 
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data  run.  The  OORT  wake  on  this  day  waa  knocking  down  the  waves  for  a  few  ship 
.  lengths  beyond  the  stern.  The  buoy  spent  a  good  portion  of  run  71  riding  through 
this  relatively  calm  (with  respect  to  the  surrounding  sea)  stretch  of  water.  Runs 
70  and  71  were  completed  In  succession  and  In  less  than  one  hour  with  the  sea 
diminishing.  The  significant  wave  height  indicated  by  the  Collins  Radar  Is  2.13 
ft  for  run  71  while  the  buoy  indicates  a  slnglf leant  wave  height  of  1.72  ft.  It  Is 
doubtful  that  the  sea  had  diminished  as  much  as  is  indicated  by  the  wave  buoy  (and 
visual  estimates  tend  to  reinforce  this).  Rather  It  is  felt  that  the  passage  of 
the  buoy  through  the  ship  wake  for  most  of  the  data  run  caused  the  buoy  to  Indicate 
the  lower  sea  conditions.  The  ship's  wake  was  not  a  consideration  for  run  70  as 
the  buoy  passed  the  ship  to  the  windward  side  and  never  entered  the  ship's  wake. 

Based  on  the  reasonable  agreement  between  the  Collins  Radar  and  wave 
buoy  significant  wave  heights  from  these  runs  and  the  agreement  of  the 
Collins  radar  with  visual  observations  of  wave  heights  throughout  the  fall 
trials.  It  is  felt  that  the  Collins  Radar  altimeter  gives  a  good  represen¬ 
tation  of  the  existing  sea.  More  buoy  correlations  would  obviously  lend 
more  credibility  to  both  the  Collins  and  the  buoy  as  wave  measuring  devices 
and  should  be  planned  for  any  future  efforts. 

FULL  SCALE  PRESSURE  DISTRIBUTION  MEASUREMENTS 

Current  Ship  Structure  Committee  (SSC)  computer  programs  deal  primarily  with 
sea  loads  imposed  on  the  hull  girder.  In  addition,  knowledge  of  pressures  on  the 
hull  surface  is  also  needed  to  determine  the  required  strength  of  local  structures 
to  withstand  maximum  anticipated  pressures  at  sea.  Since  computer  programs  for 
calculating  pressure  distributions  are  available  to  the  profession,  It  is  worthwhile 
to  verify  the  results  of  computations  by  model  and  full  scale  experiments. 
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The  Coast  Guard,  considering  the  potential  value  of  full-scale  pressure 
measurements,  took  advantage  of  the  fiv»-year  drydocking/hull  inspection  yard 
period,  and  with  the  cooperation  of  Bethlehem  Steel  installed  15  inserts  in  the 
forward  quarter  length  of  the  CORT  hull  plating.  Pressure  transducers  were  then  ' 

I 

Installed  in  the  inserts  without  a  drydbcking.  The  pressure  gage  locations  were 

I 

given  in  Figure  3b.  The  results  obtained  from  full-scale  pressure  measurements  have 

i 

the  potential  for  wide  use  verification  of  computed  theoretical  pressures  and 


correlation  between  full  and  model  scalje  measurements. 

The  pressure  data  was  collected  ini  conjunction  with  the  wave/stress  measure¬ 
ments  and  stored  on  magnetic  tape.  Consistency  end  reasonableness  of  the  col¬ 
lected  data  was  checked  by  examining  pressure  gage  time  histories  and  calculating 
pressure  power  spectra  and  RAO's.  Reduced  data  in  the  form  of  pressure  power 
spectra  were  delivered  to  ABS  for  the  data  runs  they  requested.  These  hull 
pressure  power  spectra  will  be  used  by  ABS  to  evaluate  existing  formulations  of 
potential,  theory  computer  programs. 

Typical  response  spectra  (from  Run  77)  calculated  from  the  gages  located 
at  Frame  9  are  given  in  Figure  34.  Also  given  in  Figure  34  is  the  measured  wave 

i 

spectrum  from  this  data  run.  Figure  35  gives  the  resulting  RAO's  calculated  for 

I  * 

these  gages.  The  spectra  given  in  Figure  34  and  the  RAO's  in  Figure  35  represent 
the  dynamic  pressure  fluctuations  seen  by  the  ship  hull  as  it  encounters  wavet . 

The  static  head  due  to  the  location  of  these  gages  below  the  waterline  has  been 
electronically  subtracted  out  using  the  data  acquisition  signal  conditioning. 

To  get  the  actual  pressure  at  a  particular  gage  location,  the  pressure  due  to  the 

static  head  must  be  added  on.  It  is  worth  noting  that  for  any  future  use  of  these 

) 

data  tapes,  pressure  gages  six  and  fourteen  should  be  considered  unreliable 
(see  page  5). 
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Figure  2  -  Forward  Measurands  and  Data  Acquisition  System  Locations 
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Figure  4  -  Method  of  Wave  Height  and  RAO  Calculation 
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Figure  7  -  Bending  Stress/Moment  RAO’s  for  Head  Sea  and  Ballast  Conditions 
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Figure  13  -  RAO  Peak  versus  Wave  Energy 
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Figure  14  -  Comparison  of  Measured  and  Analytical  RAO  for  Case  1 
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Figure  16  -  Comparison  of  Measured  and  Analytical  RAO  for  Case  3 
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Figure  20  -  Comparison  of  Measured  and  Analytical  RAO  for  Case  7 
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Figure  25  -  Measured  and  Analytical  Bending  Moment  Spectra  for  Case  4 
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Figure  30  —  Ratio  of  Expected  to  Measured  Peak  Bending  Stress  Versus  Frequence  of  Occurence 


Figure  31  -  Lateral  Bending  Stress  Spectrum  for  Bow  Sea  Heading 
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Figure  33  -  Comparison  of  Wave  Height  Spectra  Calculated  from 
Collins  Radar  and  Wave  Rider  Buoy  for  Run  71 
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Figure  34  -  Pressure  and  Wave  Spectra  for  Run  77 


▼ABLE  1  -  MEASURANDS  FOR  M/V  S.J.  CORT  FULL  SCALE  TRIALS 


1.  MICRO-WAVE  RADAR* 

2.  COLLINS  RADAR* 

3.  BOW  VERTICAL  ACCELERATION  (AT  COLLINS)* 

4.  BOW  HORIZONTAL  ACCELERATION  (AT  COLLINS)* 

5.  BOW  VERTICAL  ACCELERATION  (AT  MICRO-WAVE)* 

6.  BOW  HORIZONTAL  ACCELERATION  (AT  MICRO-WAVE)* 

7.  MIDSHIP  DECK  VERTICAL  BENDING  STRESS  (COMBINED) 

8.  MIDSHIP  DECK  VERTICAL  BENDInG  STRESS  (WAVE  INDUCED) 

9.  MIDSHIP  DECK  VERTICAL  BENDING  STRESS  (SPRINGING) 

10.  MIDSHIP  BOTTOM  VERTICAL  BENDING  STRESS  (COMBINED) 

11.  MIDSHIP  LATERAL  BENDING  STRESS 

12.  MIDSHIP  TORSIONAL  STRESS 

13.  ROLL 

14.  PITCH 

15 .  HEAVE  ACCELERATION 

16.  — *  20.  PRESSURES  AT  FRAME  9/10 

21 .  — *  25 .  PRESSURES  AT  FRAME  20/21 

26.  —9  30.  PRESSURES  AT  FRAME  30/31 

31.  WAVE  RIDER  BUOY 

*  NRL  MEASURANDS  FROM  WAVE  MEASURING  SYSTEM 


TABLE  3  -  PEAK  TO  PEAK  SIGNIFICANT  SPRINGING  BENDING  MOMENT 
PROM  ANALYTICAL  RAO's  AND  MEASURED  SIGNIFICANT 
BENDING  MOMENT  FOR  EIGHT  CASES  EXAMINED 


Significant  Springing  Bending  Moment 

(FT-TONxlO“4) 

Measured 

ABS 

WEBB 

20.2 

37.9 

85.3 

32.3 

36.2 

68.7 

13.2 

8.8 

11.9 

25.8 

25.5 

57.7 

30.8 

26.0 

65.9 

28.8 

29.2 

64.9 

28.9 

23.5 

37.5 

32.1 

32.6  * 

54.2 

TABLE  4  -  COMPARISON  OF  MEASURED  AND  PREDICTED  PEAK  BENDING  STRESS 


Run  Number 

Measured  Peak 

Bending  Stress 

(KPSI) 

Predicted  Peak 

Bending  Stress 

Using  Eqn  (8) 

(KPSI) 

Peak  Predicted 

Divided  By 

Measured  Peak  X100% 

(Z> 

27 

3.84 

2.77 

72.0 

28 

3.57 

3.24 

90.8 

29 

2.48 

2.36 

95.0 

30 

.83 

.86 

103.7 

32 

2.64 

2.43 

92.1 

35 

2.92 

3.18 

108.9 

37 

2.97 

2.87 

96.7 

38 

3.74 

3.88 

103.9 

39 

5.36 

6.96 

129.8 

40 

6.27 

6.22 

99.2 

41 

5.52 

6.62 

120.0 

42 

4.21 

5.01 

118.8 

43 

7.00 

5.60 

79.0 

45 

4.74 

4.51 

95.2 

46 

.97 

.89 

91.2 

50 

5.38 

5.85 

108.7 

52 

4.87 

5.18 

106.3 

53 

5.56 

5.57 

100.1 

54 

4.38 

3.77 

86.2 

64 

3.03 

3.43 

114.5 

66 

1.05 

1.15 

109.0 

60 


/ 


3.67 


4.66 


126.8 


TABLE  4  -  (Continued)  -  COMPARISON  OF  MEASURED  AND  PREDICTED  PEAK  BENDING  STRESS 


Run  Number 


Measured  Peak 

Bending  Stress 

(KPSI) 

Predicted  Peak 

Bending  Stress 

Using  Eqn  (8) 

(KPSI) 

Peak  Predicted 

Divided  By 

Measured  Peak  X100Z 

00 

5.68 

6.16 

108.4 

5.42 

6.75 

123.4 

6.80 

7.29 

107.1 

8.41 

12.13 

144.2 

8.71 

10.74 

132.5 

8.21 

10.59 

123.8 

8.56 

11.12 

136.6 

9.09 

9.44 

103.7 

8.13 

8.66 

106.4 

TABU  5  -  PEAK  SINGLE  AMPLITUDE  VERTICAL ,  LATERAL  AND  DECK 
EDGE  BENDING  STRESSES  FOR  BOW  SEA  HEADINGS  EXAMINED 


Peak  Vertical 

Peak  Lateral 

Peak  Deck  E< 

Run 

Banding  Stress 

lending  Stress 

Bending  Stress 

(PSI  x  10’2) 

(PSI  x  10’2) 

(PSI  x  10"2) 

29 

24.8 

8.4 

27.8 

30 

8.3 

4.2 

9.7 

38 

37.4 

11.2 

39.0 

39 

53.6 

11.9 

58.4 

A3 

70.1 

15.6 

75.0 

45 

47.2 

19.2 

55.3 

100 

92.9 

7.9 

93.0 

101 

92.3 

9.4 

93.0 

103 

59.8 

10.6 

61.3 

111 

54.7 

20.1 

63.2 

112 

68.0 

15.7 

75.9 

114 

87.1 

16.9 

87.5 

115 

82.1 

12.3 

91.5 

. 

116 


81.6 


15.5 


85.7 


TABLE  6  -  MAXIMUM  SINGLE  AMPLITUDE  MIDSHIP 


TORSIONAL  STRESSES  FOR  BOW  SEA  RUNS 


Run 

Maxlnua  Toraional  Stress 

(PSI  x  10"2) 

29 

1.04 

30 

.21 

38 

.85 

39 

1.17 

43 

1.17 

45 

1.32 

100 

1.74 

101 

1.59 

103 

1.34 

111 

1.78 

112 

1.78 

114 

1.48 

115 

1.34 

116 

1.43 

,»  - 
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APPENDIX  A 


TRANSDUCER  CALIBRATIONS  AND  CALCULATIONS  OF  TRANSDUCER  SENSITIVITIES 
* 

The  total  instrumentation  package  for  the  CORT  full  scale  data  collection  program 
consisted  of  32  individual  measurements  of  wave  height,  stress,  motion  and  pressure 
(Table  1).  Each  of  these  measurands  output  an  electrical  direct  current  analog 
signal  to  the  PDP  11/03  analog  to  digital  (A/D)  converter  for  subsequent  storage 
of  these  digitized  electrical  signals  on  magnetic  tape.  The  development  of  the 
relationships  for  converting  these  electrical  voltages  to  engineering  units  (EU) 
follows.  The  computer  system  sensitivity  (EU/count)  can  be  arrived  at  by  dividing 
the  voltage  sensitivity  (EU/volt)  by  400  which  is  the  number  of  counts  per  volt. 
STRAIN  GAGES 

Four  indepL adent  measurements  of  strain  were  made  on  the  CORT.  All  measurements 
were  made  at  the  CORT  midship  section.  Measurements  included  stresses  induced 
by  vertical  bending,  athwartship  bending  and  hull  girder  torsion.  Locations  of  the 
gages  at  the  midship  section  were  given  in  Figure  3  of  the  text.  The  main  deck 
bending  and  lateral  bending  gages  were  installed  for  previous  data  collection  on 
the  CORT.  These  gages  were  mounted  in  a  dyadic  configuration  on  the  ship’s  hull 
plating  with  the  bridge  configurations  indicated  in  Figure  Al.  The  existing  hull 
bottom  vertical  bending  gage  from  previous  data  collection  on  CORT  exhibited  a  low 
resistance  to  ground  and  drift  and  was  subsequently  replaced  at  the  location 
shown  in  Figure  3  of  the  text.  The  bridge  configurations  for  the  bottom  bending 
stress  and  torsional  shear  stress  measurements  are  given  in  Figure  A2. 

Calibration  of  the  stress  measuring  channels  was  accomplished  by  connecting 
a  calibration  resistor  across  one  leg  of  the  Wheatstone  bridge.  Since  long 
lengths  of  cable  where  run  between  the  gage  and  instrumentation,  no  matter  where 
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this  shunt  calibration  is  performed  (at  tha  gage  site  or  at  the  instrumentation) , 
an  error  is  introduced.  If  the  shunt  resistor  is  applied  at  the  instrumentation, 
the  signal  due  to  connecting  the  shunt  resistor  ia  increased  by  2RL/R,  where  R  is 
the  nominal  resistance  of  each  leg  of  the  bridge  and  R^  is  the  resistance  of  the 
lead  wire  from  the  gage  to  the  instrumentation.  Additionally,  the  output  signal 
to  the  instrument  caused  by  strain  in  any  gage  is  attenuated  by  2RL/R.  These 
conditions  produce  a  calibration  signal  which  is  in  error  to  the  strain  signal  by 
a  factor  of  4Rl/R.  A  correction  for  this  error  can  be  made  by  multiplying  the 
nominal  strain  (or  stress)  that  the  nominal  shunt  calibration  (performed  at  the 
instrumentation)  represents  by  (1+4Rj7R).  Similarly,  a  sensitivity  in  terms  of 
stress  per  unit  output  voltage  is  corrected  for  lead  wire  resistance  by  calculating 
the  apparent  stress  that  the  shunt  calibration  represents,  multiplying  the  nominal 
stress  by  1+4R^/R,  and  dividing  by  the  output  voltage  obtained  when  the  shunt  is 
performed  at  the  Instrumentation.  This  type  of  error  is  inherent  in  any  strain 
gage  or  transducer  where  a  simple  Wheatstone  bridge  is  employed  to  measure  a  par¬ 
ticular  quantity  and  this  correction  was  accounted  for.  This  correction  wan 
applied  to  all  strain  gages  and  pressure  gage  channels  in  arriving  at  a  sensitivity 
for  them. 

Onboard  checks  were  made  of  the  main  deck  bending  stress  data  by  obtaining  the 

|| 

ships  neutral  axis  from  time  histories  of  the  main  deck  and  keel  vertical  bending 
gagea.  Initially,  these  values  agreed  with  section  property  calculations  withiij 
5X.  Subsequent  analysis  of  the  bottom  bending  bridge  raised  questions  about  lt^ 
reliability  and  are  discussed  later. 

The  main  deck  bending  signal  was  filtered  to  isolate  the  wave  induced  and 
springing  components  of  the  combined  signal.  These  sp.it  signals  were  continuously 
monitored  to  assess  the  relative  magnitudes  of  the  wave  Induced  and  springing 


70 


component*  of  the  main  deck  bending  street  and  to  aid  In  the  determination  of 
when  to  take  data  runs.  A  block  diagram  of  the  stress  monitor  la  given  in 
Figure  A3. 

The  wave  induced  component  was  provided  by  low  pass  filtering  the  combined 
signal  at  a  cut-off  frequency  of  .2H2,  and  the  springing  component  was  produced 
by  high  pass  filtering  the  combined  signal  at  a  cut-off  frequency  of  .25HZ. 

Each  of  the  two  filtered  channels  employed  two  Krohnhlte  variable  filters  which 
were  cascaded  to  produce  a  sharp  roll  of  96  db/octave. 

The  filters  were  calibrated  in  the  lab,  at  DTNSRDC,  with  a  function  generator 
to  generate  the  phase  delay  and  signal  attenuation  characteristics  shown  in 
Figures  A4  and  A5.  Additionally,  all  stress  channels  were  low  pass  filtered  at  10 
Hertz  to  remove  any  high  frequency  noise  in  the  signal.  The  filters  used  for  this 
were  2-pole  Butterwoth  with  12  db/octave  rolloff.  The  calculations  for  shunt 
resistance  simulated  stress,  lead  wire  correction  and  stress/voltage  sensitivity 
for  all  the  stress  measuring  channels  follows  the  text  of  this  appendix. 

PRESSURE  CAGES 

Each  pressure  gage  was  calibrated  at  DTNSRDC  in  a  dead  weight  tester  over 
its  operating  pressure  range.  The  operating  pressure  ranges  for  each  gage  is 
given  in  Table  Al.  The  result  of  these  calibrations  is  a  linear  relationship 
between  applied  pressure  and  transducer  output  voltage.  Each  pressure  gage  was 
also  shunt  calibrated  in  the  laboratory  with  a  known  resistor  and  essentially 
zero  lead  wire  resistance.  This  shunt  produced  an  electrical  offset  in  the 
pressure  gage  bridge  which  could  then  be  thought  of  as  a  simulated  pressure  in 
terms  of  the  gage’s  pressure/voltage  sensitivity.  The  same  shunt  calibration 
resistor  was  applied  at  the  gage  site  and  the  voltage  offset  recorded  at  the 
Instrumentation  after  the  gages  were  Installed  on  CORT.  In  this  manner,  the  lead 
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relstance  of  the  cabling  was  established  and  accounted  for.  The  onboard 
sensitivity  of  each  pressure  gage,  corrected  for  lead  wire  resistance  and  the 
laboratory  calibrated  sensitivity  values,  for  all  pressure  gages  is  given  in 
Table  Al.  It  is  worth  noting  that  each  pressure  gage  was  balanced  to  zero  volts 
(pressure)  when  the  ship  was  stationary  and  each  gage  had  a  finite  static 
pressure  head  on  it.  Thus  all  pressures  recorded  reflect  fluctuations  in  pressure 
about  this  static  pressure  head  and  the  actual  pressure  on  the  hull  would  be  the 
pressure  fluctuation  plus  the  static  head. 

SHIP  MOTIONS 

The  ship  notions  recorded  consisted  of  anldBhlp  measurements  of  pitch,  roll 
and  heave  acceleration  and  bow  measurements  of  lateral  and  vertical  accelerations. 
The  pitch  and  roll  gyro  was  calibrated  in  the  lab  at  DTNSRDC  by  tilting  the  gyro 
at  various  angles  and  measuring  the  output  voltage.  This  calibration  was  also 
performed  on  board  to  take  into  account  the  lead  wire  resistance  on  this  measure¬ 
ment  and  the  shipboard  cal  was  used  for  data  analysis.  The  heave  accelerometer 
was  calibrated  by  turning  the  accelerometer  180°  simulating  a  2g  downward  accel¬ 
eration  and  recording  the  output  voltage.  The  results  of  these  calibrations  are 
given  in  Table  A2. 

The  lateral  and  vertical  accelerations  at  the  ship's  bow  were  part  of  the 
NRL  wave  measuring  systems  installed  on  CORT.  Lateral  and  vertical  accelerometers 
were  located  at  each  wave  measuring  device.  Acceleration  to  voltage  sensitivities 
were  supplied  by  NRL  for  these  measurements.  On  board  calibrations  of  these  mea- 
surands  were  performed  by  tilting  the  accelerometers  at  various  angles  to  assure 
that  these  measurands  were  still  functioning  as  calibrated  in  the  NRL  lab.  A 
listing  of  the  NRL  and  Collins  radar  accelerometers  and  their  sense  is  given  in 
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Table  A3.  Additionally,  all  NRL  installed  acceleration  signals  were  low  pass 
filtered  at  4  Hertz  using  a  4-pole  Bessel  filter. 


Shipboard  calibrations  of  the  Collins  radar  altimeter  were  performed 


regularly  to  assure  that  this  system  was  functioning  as  set  up.  The  calibration 
consisted  of  jilting  the  horns  vertically  to  aim  them  directly  at  the  water  surface 

I 

and  taking  a  voltage  reading.  The  boom  holding  the  horns  was  then  swung  In  and 

aimed  at  the  phip  deck  and  another  voltage  reading  taken.  The  distance  from  the 

I 

I 

ship's  deck  tp  its  baseline  was  known  and  by  subtracting  the  distance  from  the 

j 

ship  waterline  to  ship  baseline  (ship  draft),  the  distance  from  the  deck  to  the 

j 

waterline  established.  Dividing  the  change  in  distance  from  each  measurement,  by 
the  change  in  voltage,  the  sensitivity  of  the  Collins  radar  (ft/volt)  was  checked. 

A  typical  calculation  is  given  in  Figure  A6.  This  calibration  was  performed  when 
the  ship  was  in  port  or  in  the  Soo  Locks  due  to  the  need  for  calm  conditions  to 
achieve  this  calibration. 


The  wave  rider  buoys  and  receiver  employed  in  these  trials  were  supplied  by 
Teledyne  Engineering  Services  under  USCG  contract.  The  output  voltage  to  accel¬ 
eration  sensitivity  supplied  with  the  buoys  was  15  volts/g  of  acceleration.  Static 
on  board  calibration  of  the  buoys  was  achieved  by  tilting  the  buoys  at  a  known 
angle,  determining  the  acceleration  from  this  angular  tilting  and  recording  the 
output  voltage.  Results  of  these  calibrations  indicated  output  voltage  to  accel- 
eration  sensitivities  of  15.3  volts/g  and  16  volts/g  for  buoys  #1  and  #2  respec¬ 
tively.  Due!  to  some  uncertainty  in  the  angle  measurement  during  these  cals  a 
voltage  sensitivity  of  15.0  volts/g  was  employed  for  the  trials.  After  analyzing 
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the  buoy  date  and  observing  a  large  discrepancy  between  the  buoy  and  Collins  Radar 
Wave  spectra,  a  dynaalc  calibration  of  the  buoys  was  suggested.  This  calibration 
was  carried  out  by  Messrs.  M.  Noll  and  D.  Walden  in  the  NOAA  wave  buoy  calibrator 
at  the  Washington  Navy  Yard.  The  dynaalc  calibration  showed  the  buoy/receiver 
systea  to  have  an  Increasing  sensitivity  with  increasing  acceleration  frequency. 

The  results  of  this  calibration  are  given  in  Figure  A7  and  were  applied  to  the  buoy 
spectra  given  In  the  text. 

ANOMALOUS  BEHAVIOR  OF  BOTTOM  BENDING  BRIDGE 

Initial  onboard  checks  on  the  ratio  of  measured  aaln  deck  to  bottom  bending 
stress  were  found  to  be  in  the  range  of  1.10  to  1.20  (1.15  was  expected  based 
on  CORT  section  properties).  Dally  shunt  calibrations  and  resistance  to  ground 
checks  Indicated  the  bridges  were  functioning  normally  and  calibration 
sensitivities  were  never  changed.  Post  trials  analysis  of  the  data  shows  that  the 
ratio  of  the  main  deck  RMS  stress  to  bottom  bending  RMS  stress  to  be  above  the 
expected  range  beginning  In  early  November.  This  ratio  grew  larger  (although  not 
constantly)  as  trials  progressed.  Since  the  main  deck  stress/wave  height  RAO's 
remained  fairly  constant  frcm  run  to  run  on  any  given  day,  whereas  the  ratio  of 
bottom  to  deck  stress  ranged  widely  for  these  same  runs,  It  has  been  concluded 
that  the  bottom  strains  observed  are  most  likely  faulty.  It  is  planned  to 
resolve  this  issue,  If  further  trials  are  to  be  conducted. 
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•  Bridge  Configuration  Main  Deck  Bending 


Briosc  Configuration  Lateral  Bending 


Bridge  Configuration  -  Midship  Bottom  Bending 


Bridge  Configuration  -  Midship  Torsion 
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Figure  A5  -  Rolloff  for  Main  Deck  Bending  Filters 
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Procedure  for  Collins  Radar  Range  Calibration 


1.  Position  RADAR  HORNS  VERTICALLY  OVER  WATER,  TAKE  VOLTAGE  READING- 

2.  Swing  ColliNS  HoRNS  IN  OVER  DECK  AND  TAKE  SECOND  READING  -  VM.D 

3.  Record  ship  dract 


Ran6e  Sensitivity  =  y'"'" °  y  r  =  ~~r  (decreasing  range) 


Typically, 


SeVSiTWiTY  = 


(57.75-/9.67)  ft 

(.00 3 •  *  ■ /5-  ■ S  CT/)M  (°«*  *“*•> 


Figure  A6  -  Collins  Radar  Calibration  Procedure 


buoy  calibration  cum: 


BUOY  #1  • 

>1  WITH  12  KG  OSCIL 
BUOY  *2 

*2  MITH  12  KG  OSCIL 


0.1  0.12  0.14  0.16  0.18  8-2  B-22  ®*2« 


FREQUENCY  (HZ.) 


Figure  A7  -  Wave 


Rider  Buoy  Acceleration/Voltage  Sensitivity 


TABLE  A1  -  PRESSURE  GAGE  SENSITIVITIES 


Gage 

Pressure  Gage 

Lab 

Field* 

Number 

Range 

Sensitivity 

Sensitivity 

(psi) 

(psi/volt) 

(psi/volt) 

I 

50 

2.495 

2.550 

2 

50 

2.515 

2.570 

3 

50 

2.545 

2.600 

4 

50 

2.485 

2.540 

5 

50 

2.520 

2.575 

6 

25 

1.225 

1.255 

7 

25 

1.250 

1.285 

8 

100 

4.980 

5.090 

9 

50 

2.480 

2.535 

10 

50 

2.505 

2.560 

11 

50 

2.520 

2.575 

12 

50 

2.520 

2.575 

13 

50 

2.530 

2.585 

14 

50 

2.530 

2.585 

15 

50 

2.520 

2.575 

*  Field 

sensitivity  arrived  at 

by  comparing  instrument 

shunt  in  lab  (R^“  0) 

with  instrument  shunt  in  field 

and 

calculating  R^;  then 

field  sensitivity 

arrived 

at  by,  field  sensitivity  ■ 

lab  sensitivity  x  (1 

+  pin*  volts 

is  positive  pressure  against  the  hull. 
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TABLE  A2 

-  PITCH,  ROLL,  AM)  HEAVE 

ACCELERATION 

SENSITIVITIES 

Measurement 

Calibration 

Voltage 

Sensitivity 

Output 

Pitch 

10°  Bow  Up 

♦  .135 

7.40  °/volt 

Roll 

10°  To  Port 

+  .146 

6.83  °/volt 

Heave 

2  g'a  Down 

+24.25 

2.57  ft/aec*/volt 
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TABLE  A3  -  NRL  INSTALLED  TRANSDUCER  SENSITIVITIES 


MEASUREMENT 

SENSITIVITY 

SENSE 

Collins  Radar  Range 

15 .50 

ft/volt 

Increasing  Range 

§  25°  to  Vertical 

Collins  Vertical  Acceleration 

1.855 

ft/sec^/volt 

Acceleration  Up 

Collins  Horizontal  Acceleration 

3.240 

ft/sec^/volt 

Acceleration  to  STBD 

NRL  Range 

24.61 

ft /volt 

Increasing  Range 

NRL  Vertical  Acceleration 

1.408 

ft/sec^/volt 

Acceleration  Up 

NRL  Horizontal  Acceleration 

2.512 

ft/sec^/volt 

Acceleration  to  Port 
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MAGNETIC  TAPE  FORMAT  FOR  CORT  DATA  ACQUISITION 

INTRODUCTION 

The  magnetic  tape  foroat  description  which  follows  was  developed  by  the 
DTNSRDC  Central  Instruaentatlon  Departaent  (CID)  to  facilitate  data  transfer 
between  the  aany  minicomputers  at  the  Center  and  so  that  data  tapes  generated 
could  be  used  for  further  analysis  on  the  Center's  large  CDC  machines.  Some 
initial  investigations  showed  that  the  only  constraint  in  the  transfer  of  data 
was  with  (surprisingly)  the  CDC  machine.  It  could  only  handle  record  lengths  of 
less  than  or  equal  to  512  sixty-bit  words  on  nine  track  tape  (this  is  not  a  limit¬ 
ation  with  their  seven  track  tapes).  This  limitation  was  a  great  disappointment 
since  it  was  hoped  to  be  able  to  use  long  record  lengths  in  order  to  achieve  high 
data  acquisition  throughput  rates  (it  is  known  that  there  exists  a  trade-off  with 
regard  to  the  length  of  tape  records  and  the  length  of  the  inter-record  gaps). 

With  this  in  mind  it  was  decided  to  use  fixed  length  record  lengths  for  the  mag 
tape  format  of  30720  bits  or  1920  sixteen-bit  words  for  minicomputers.  This  format 
is  currently  used  on  our  Hewlett-Packard ,  Raytheon  and  Digital  Equipment  Mini¬ 
computers  and  the  data  tapes  generated  by  these  minicomputers  have  been  used  for 
data  analysis  on  the  Center's  CDC  machines. 

In  the  development  of  the  standard  for  magnetic  tapes,  one  had  to  keep  in 
mind  that  different  systems  have  different  capabilities  in  the  number  and  kinds 
of  channels  that  can  be  acquired.  The  RAYTHEON  system  had  the  largest  numbers  of 
A/D  channels  (128  channels)  and  so  it  was  the  de-facto  standard.  The  mag  tape 
formats  were,  therefore,  designed  with  128  channel  capability  even  though  many 
data  acquisition  systems  including  the  one  on  the  CORT  have  only  32  channels. 
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MAC  TAPE  FORMAT  OVERVIEW 


The  tape  format  la  a  fixed  record  length,  file  oriented  tape.  That 
la  to  aay  that  each  record  la  a  fixed  length  (1920  sixteen-bit  words)  and 
that  there  are  file  marks  between  groupings  of  data  for  a  particular  data 
collection  run.  The  logical  end-of-tape  Is  signified  by  a  double  end-of- 
file.  Each  file  on  tape  also  has  a  fixed  format,  where  the  first  record 
in  the  file  contains  constant,  calibration,  and  identification  (id)  infor¬ 
mation  about  the  data  that  Is  to  follow.  The  data  records  are  next  (fixed 
length)  and  continue  until  an  end-of-File  is  detected. 

THE  CONSTANT,  CALIBRATION,  AND  ID  (CCI)  RECORD 
In  the  following  discussion,  please  note  that  the  word  length  of  the 
minicomputer  chat  we  have  is  sixteen  bits  and  so  it  aay  be  assumed  that  when 
word  la  specified,  one  assumes  a  sixteen-bit  word  length.  Integer  numbers 
are  stored  in  sixteen  bits  (using  two's  complement  notation)  while  float¬ 
ing-point  numbers  require  multiple  words.  In  the  case  of  the  PDP-11,  the 
floating-point  numbers  require  two  sixteen-bit  words.  If  the  mag  tape  is 
to  be  read  on  a  machine  other  than  the  machine  where  the  data  was  recorded, 
the  user  will  have  to  write  a  routine  to  convert  the  floating-point  num¬ 
bers  into  the  other  machine's  internal  floating-point  format. 

The  CCI  record  is  again  divided  into  eight  fields  called  1)  CONSTANTS, 
2)  SYSTEM  SENSITIVITIES,  3)  GAIN,  4)  TRANSDUCER  SENSITIVITIES,  5)  ZERO, 

6)  REFERENCE,  7)  CHANNEL  ID,  and  8)  TITLE  fields.  These  individual  fields 
will  now  be  described. 
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CONSTANTS  —  This  fieLd  holds  intsgsr  contant  information  about  tha  run 
and  is  64  intsgsr  woris  in  length. 

Word  1  is  tha  RU4  number  assigned  by  the  engineer  to  this  particular 
collection  of  data. 

Word  2  is  called  the  POINT  number.  The  POINT  number  is  a  unique  and 
sequential  number  identifier  for  the  file  of  data,  and  it  is  possible  to 
have  many  data  collection  “points”  within  a  particular  "run”. 

Word  3  contains  jthe  total  number  of  channels  that  were  acquired.  The 
total  number  of  channels  is  the  eum  of  the  total  number  of  analog  channels 
being  recorded  and  the  total  number  of  digital  channela  recorded. 

Word  4  is  the  salnple  period  that  was  requested  by  the  user  and  is 
stored  as  the  number  of  milliseconds  between  scans  of  data.  A  scan  is 
defined  as  one  sweep  of  the  A/D  and  all  associated  digital  channels.  When 
data  is  collected,  one  scan  is  acquired  as  fast  as  possible  to  minimize 
skew  between  channels.  Then,  the  computer  waits  the  sample  period  time 
before  acquiring  the  next  scan  of  data.  This  is  known  as  "burst”  mode 

i 

data  acquisition  and  is  quite  different  than  the  constant  sample  rate 
acquisition  mode  that  is  more  common. 

Word  5  and  word  6  contain  the  requested  time  of  data  collection,  with 
word  5  containing  the  requested  seconds  and  word  6  containing  the  re¬ 
quested  number  of  milliseconds. 

Word  7  contains  tiie  total  number  of  channels  used  on  the  first  A/D. 

Word  8  contains  the  total  number  of  digital  chann^lc  recorded. 

Word  9  is  used  to  indicate  the  number  of  frames  stored  in  each  1920 
data  record.  A  frame  is  defined  as  the  number  of  data  channels  in  one 
scan  of  data  (word  3). 


j. 

\ 

\ 

i 


91 


Word  10  contains  the  number  of  the  last  channel  of  Interest  on  the  A/D. 

Words  11,  13,  14,  and  15  are  reserved  for  system  use  and  are  currently 
unused  and  should  contain  zeros. 

Word  12  contains  the  total  number  of  channels  used  on  the  second  A/D. 

Word  16  Is  unused. 

Word  17  Is  a  flag  to  indicate  whether  or 'not  data  was  acquired  using  the 
Internal  precision  clock  or  the  SL-7  external  time  base.  A  “0"  indicates  that  the 
SL-7  external  time  base  was  used  while  a  "1"  indicates  the  use  of  the  computer's 
lnteral  clock. 

Word  18  Is  used  to  store  the  number  of  averages  that  are  used  in  the 
determination  of  the  ZERO  or  the  REFERENCE. 

Words  19-29  are  unused. 

Words  30-33  are  ASC  II,  a  string  of  nine  characters  that  describe  the  time  at 

which  data  collection  began. 

Words  34-39  are  unused. 

Word  40  contains  a  pointer  update  position  number.  The  word  40  will  dictate 
where  the  title  update  begins  (i.e.,  what  column  to  begin) — moving  It  will  allow 
you  to  only  update  a  portion  of  the  title  field  to  effectively  allow  you  to  have 
a  title  and  a  sub-title. 

Words  41-51  contain  header  log  information  stored  as  follows: 

41  -  North  Latitude  In  degrees  (XX) 

42  -  North  Latitude  in  minutes  (XX) 

43  -  West  Longitude  in  degrees  (XX) 

44  -  West  Longitude  in  minutes  (XX) 

45  -  Vessel  Speed  in  mph  (XX.X) 

46  -  Vessel  Heading  in  degrees  (XXX) 
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47  -  Vessel  DrsfC  in  feet  (XX) 

48  -  Wind  Direction  in  degrees  (XXX) 

49  -  Wind  Speed  in  knots  (XX) 

50  -  Wave  Direction  in  degrees  (XXX) 

51  -  Wsve  Height  in  feet  (XX) 

Words  52-64  ere  unused. 


SYSTEM  SENSITIVITIES  —  This  buffer  (128  floating-point  words  -  256  sixteen-bit 
computer  words)  contains  the  information  that  is  required  to  convert  A/D  counts 
into  Engineering  Units  (EU).  This  field  is  floating-point  in  type  (real— 2  words 
—format  is  machine  dependent  floating-  point  representation)  and  has  units  of 
EU/count.  The  information  is  stored  sequentially  starting  with  channel  1. 

CAIN  —  The  gain  buffer  stores  the  gain  of  the  signal  conditioning.  The  buffer  is 
filled  by  the  data  collection  program  just  prior  to  the  collection  of  data  if  the 
computer  has  remote  gain  read  capability,  else  it  must  be  manually  filled  by  the 
operator  if  no  remote  gain  read  is  available.  Normally,  its  value  is  "1”  to 
signify  that  no  gain  read  is  available.  The  units  of  this  buffer  are  not  really 
GAIN  but  1000/GAIN  switch  reading,  or  millivolts  per  full  scale  deflection  (the 


reason  will  become  clearer  later  on  when  terms  are  combined  to  calculate  Engineer 


ing  Units).  Again  128  channels  have  been  allocated  (integer  type)  starting  with 

I 

channel  1. 


TRANSDUCER  SENSITIVITIES  —This  buffer  is  used  by  the  system  to  compute  the  SYSTEM 
SENSITIVITIES.  The  number  entered  here  is  the  value  of  the  shunt  for  the  particular 
channel  (in  Engineering  Units)  divided  by  either  the  millivolts  per  full  scale  (at 
the  time  that  the  shunt  is  being  performed)  or  1000/GAIN  switch  reading  (again  at 
the  time  of  the  shunt).  The  philosophy  here  is  that  the  shunt  gain  may  be  different 
than  the  gain  used  at  the  time  of  data  collection.  In  order  to  compute  SYSTEM 
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SENSITIVITY,  fse  computer  takes  a  baae-llne  reading  and  then  a  shunt  reading. 

This  delta  A/ D  count  reading  represents  the  number  of  counts  that  corresponds 
tj  the  value  stored  In  the  TRANSDUCER  SENSITIVITIES  buffer.  In  order  to  get  El' 
count  taka  the  TRANSDUCER  SENSITIVITIES  value  and  divide  It  by  the  delta  count 
read*  t>.‘  This  Is  then  SYS  "S'1  SENSITIVITY.  Again  note  that  .*28  channels  of  irfor- 
aation  have  been  alloted  for  this  buffer  and  that  the  representation  Is  machine 
dependent  floating-point  that  occupies  two  sixteen-bit  words  per  value.  Zero  — 
The  ZERO  buffer  (128  channels  of  floating-point  values)  has  the  value  of  the 
lnatruaentatlon  sero.  This  is  noraally  filled  prior  to  data  collection  and  la 
subtracted  rut  of  the  calculation  for  Engineering  Unit  conversion  In  order  to  get 
rid  of  aapllfler  drift  or  offsets.  The  value  atored  In  the  buffer  is  A/D  counts 
aultlplied  by  the  GAIN  (1000/GAIN  switch  reading  or  millivolt  per  full  scale)  of 
the  lnatruaentatlon  when  the  ZERO  was  taken. 

REFERENCE  —  In  sooe  tests,  such  as  air  cushion  or  wind  tunnel  tests,  it  Is  desir¬ 
able  to  -alao  include  a  reference  level  that  will  be  used  (sooehow)  in  the  calcula¬ 
tions  to  coapute  Engineering  Units.  128  channsls  of  floating-point  values  have 
been  reserved  for  this  usage.  Again,  this  buffer  is  stored  as  A/D  ccounts  times 
GAIN  at  the  tiae  the  reference  was  taken.  Channel  1  is  first  as  in  all  the  other 
fields. 

CHANNEL  ID  —  This  field  contains  ASCII  data  that  is  channel  identifier  inform¬ 
ation.  Ten  characters  have  been  allocated  for  up  to  128  channels  where  two  ASCII 
characters  may  be  stored  in  a  sixteen-bit  word.  The  total  length  of  this  field 
is  therefore  1280  words. 

TITLE  —  This  last  buffer  contains  the  title  of  the  trial  and  may  be  used  to  store 
information  about  the  test,  such  as  model  name,  ship  name  or  other  administrative 
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information.  128  charactara  ara  aval labia  to  atora  this  information  (again  2 
ASCII  eharacttr  par  word)  sc  that  64  words  ara  required  for  this  fit Id. 

ENCINEERINC  UNIT  CONVERSION  CALCULATIONS 

If  wa  can  assuma  that  tha  data  collection  program  has  filled  all  the  above 
buffers  correctly,  tha  calculation  of  the  actual  Engineering  Units  is  straight¬ 
forward. 

EU  •  (((  A/D  counts  *  CAIN)  -  ZERO)  *  SYSTEM  SENSITIVITY) 

The  units  above  work  out  to  be  Engineering  Units.  Note  that  in  thia  case  tha 
CAIN  is  1  due  to  the  fact  that  the  computer  has  no  remote  gain  read  capability. 

DATA  RECORDS 

As  noted  above,  the  CCI  record  la  written  to  tape  at  the  start  of  data 
collection,  and  ia  then  followed  by  the  data  records.  The  data  records  appear 
sequentially  until  an  end-of-file  mark.  The  data  contain  Word  9  frames  of  data 
except  the  last  record,  which  may  not  be  completely  filled.  For  this  record,  any 
unused  portions  of  the  record  are  filled  with  a  "fill"  character  which  is  a  27703 
(decimal)  or  111711  (octal). 

The  frames  are  stored  as  follows:  one  scan  of  the  A/D  channels  appear  first 
(starting  with  channel  1),  followed  by  the  digital  channel. 

The  one  last  detail  of  the  data  record  is  the  fact  that  different  A/D  convert¬ 
ers  present  the  data  to  the  computer  in  different  forms.  The  DEC  A/D  converter 
present  the  data  aa  right  justified  (12  bits)  counts  in  the  range  of  0-4095.  In 
order  to  get  a  +/-  range  of  counts,  the  user  has  to  subtract  2048  when  the  data  is 
read  back  from  tape.  In  many  cases  the  data  acquisition  routine  does  not  have 
enough  time  to  process  this  data  in  order  to  format  it  for  the  user  before  the  data 
is  written  to  tape  due  to  the  high  data  throughput  rates  requested  by  the  user.  It 
is  for  that  reason  that  the  data  has  to  be  reformatted  by  the  applications  program. 


DATA  REDUCTION  OP  TAPES  WRITTEN  IN  CID  FORMAT 


The  data  reduction  procaaa  la  not  too  Involved  whan  the  data  la  written  ualng 
thla  format  for  magnetic  tapes.  First,  tha  tape  has  to  be  positioned  to  the  proper 
file.  Tape  positioning  may  be  dona  in  any  convianant  way  as  each  file  has  a  unique 
POINT  number.  So,  determine  tha  point  number  of  Interest  from  the  data  acquisition 
log,  and  skip  files  until  you  find  a  file  where  the  ID  record  (It  la  the  first 
record  In  the  file)  has  tha  desired  POINT  and  RUN  number.  Read  In  the  entire  ID 
record  as  It  will  be  required  later  for  EU  conversion  and  titling  of  output.  Use 
routine  DREAD  to  read  data  recorda  off  the  tape,  and  with  the  para  the  parameters 
passed  back  to  the  main  routine,  It  Is  very  easy  to  construct  a  double  DO  LOOP  In 
FORTRAN  to  aequentially  process  all  the  frames  of  data  In  the  file.  The  subroutines 
are  Included  In  this  appendix  that  show  a  set  of  routines  to  compute  the  MEAN,  MI':, 
MAX,  and  RMS  of  all  channela  on  a  CID  standard  data  tape. 

It  la  recognized  that  certain  applications  don’t  require  that  all  the  channels 
on  a  data  tape  be  processed.  In  that  case,  the  user  will  have  to  consult  the  run 
log  to  determine  the  position  of  the  desired  channels  on  the  A/D  patch  list.  Their 
position  on  the  A/D  corresponds  to  its  position  in  the  data  frame.  For  example, 
we  acquired  32  channels  of  analog  information  and  had  one  digital  channel.  We  are 
only  Interested  in  processing  the  last  16  channels  on  the  A/D.  So,  we  read  In  one 
data  record  and  Instead  of  starting  the  data  reduction  with  the  first  channel  In 
the  frame,  we  add  a  bias  of  16  to  our  buffer  pointer.  Therefore,  the  first  .inel 
we  will  look  at  is  the  seventeenth  channel  and  we  can  proceed  sequentially  for  the 
16  channels  of  interest.  Then,  before  we  proceed  to  the  next  frame,  we  again  add 
16  to  our  buffer  pointer  in  order  to  skip  over  the  first  16  channels  of  the  next 
frame  that  we  want  to  ignore. 
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Subroutine  HMMRM3 


SUBROUTINE  MMMRMS 


THIS  SUR0UT1NE  READS  A  CID  PDP  DAT A  TAPE. 

IT  CALCULATES  MEAN  MAX  MIN  h  RMS  FOR  EACH  CHANNEL 
IT  EU'S  THE  RESULTS  AND  WRITES  1  Hi  H  TO  THE  LINE  PRINTER 
IT  ALSO  PUTS  THE  RESULTS  IN  A  DISK  FILE 

WRITTEN  BY  JCD3  NOVEMBER  1970 


INTEGER  I P  H  <  2 ) .  1UME.(4>,  I  DATE  <  5 )  >  1TIME2<4).  ICAQE(40) 
INTEGER  DBUF'E (  1 920 ) 

INTEGER  RUN. POINT, Yl S 
INTEGER  MAX (TO,  HIM (40) 

REAL  XBAR ( 40 ) , AHAX ( 40 ) > AMIN ( 40  > 

REAL  MEAN, RMS 
REAL  COUNT (40) 


The  following  COMMON  block  i ?  the  CID  ID  record 

COMMON  KONS  <  64  ) . SSENS ( 1 20 ) i  ICAIN(120>.  T SC  NS < 1 2B ) ,  ZERO( 128) 
COMMON  REF  < 128).  ICHID  <  5.  120).  ITIT1  (04' 


THESE  ARE  ADDITIONS 


COMMON  MEAN (  40) . RMS < 40'  !  ■  i  (AN 

COMMON  COUNT 

EQUIVALENCE ( IT  1  Ml  (  l ) , K0NS(30) ),  ( I GAGE (  1 ), REF (80) ) 
EQUIVALENCE  (  1  1  I  ME  ,  KONS  \  22 )  ) 

EQUIVALENCE  (RUN, KOMS( 1 ) ), (POINT, KONS ( 2 ) ) 
EQUIVALENCE  ( NCOMM, KONS ( 0 > ) ,  (NADC.  KONS( 10) > 

EQUI VALENCE (MAX( 1 ), AMAX(21 ) >, (M1N( 1 ). AMIN(21 ) ) 

DATA  IPH/  '  A  ' ,  '  B  '  / 


OUTPUT  CONSTANTS  TO  LINE  PRINTER 
CALL  KONOUT ( I DATE, ITIME) 


c 

C  READ  DATA  TAPE  AND  CALCULATE  MEAN,  MAX,  MIN.  I<  RMS  IN  COUNTS 
C 

CALL  AVQRMS < DBUFF,  NCOMM.  NADC,  MEAN,  RMS.  MAX, MIN, COUNT) 

C. 

c 

C  SUBTRACT  THE  7ERO  AND  CONVERT  TO  ENGINEER  I NO  UNITS 
C 

C  / 

DO  969  1*1, NCOMM 
ROAIN-IQAINU  > 

RZERO  *  ZERO! I ) 

RSENS  -  SSENS(I) 

XDAR  <  I  >  ■  ( MEAN <  I  >*RQAJN-RZER0)*R6INS 
AMAX <  I  )t»< FLOAT < MAX  ( I ) ) *R0A I N-R ZERO ) #RSFNS 
AMIN< I  )»< FLOAT <  M I N  < I ) ) #R  QA I N  R  ZERO ) *RSENS 
RMS ( I  >»RMS<  I  >*RCAINtrRBENS 
96V  CONTINUE 
<: 
c 

C  CALCULATE  TIME  OF  POINT 
C 

C  USE  CHANNEL  1  COUNT  CAUSE  THAT  SHOULD  NEVER  DE 

C  ONE  OF  THE  CHANNELS  THAT  IS  SPECIAL  AND  HAS 

C  ERROR  INDICATORS 

C 
C 

TT I  ME  ■'FLOAT  (  KON3 ( 4  )  )  *0.  001 "COUNT <  J  ) 

C 

<: 

C  WRI1E  HEADER  TO  LINE  PRINTER 
C 

WRITE(6. 9110)  (ITITL(I), III, 64 ) 

9110  FORMAT  < /////,  1X.64A2) 

C 

WRITE (6, 9100)  K0NS<2), KONS(l), 

1  ITIME2.  IDATC.  ITIME,  KONS ( 4 > ,  TTIME 

9100  FORMAT <  /  '  POINT  ',18.  3X,  'R  U  N',  ID. 

1  '  TIME  OF  RUN  ' ,  5X,  4A2,  //, 

a  '  TIME  AND  DATE  OF  ANALYSIS',  9X.4A2.  AJ.3X.4A2,  //, 

3  'SCAN  PERIOD  «■  ',13,'  MS  ' .  10X. 

4  'DURATION  OF  POINT  «  ',F15.  3,  '  S  L  C'//> 

C 

c 

WRITE (6, 90000) 

90000  FORMAT (IX,  'C  H  '.JOX,  'C  H  1  U ', 

1  1 3X,  M  E  A  N'.  10X.  'M  A  X'.  JOX. 

3  'M  X  N ',  10X,  'R  M  S',  JOX.  'COUNT') 

C 

C 

C  WRITE  PARAMETERS  TO  LINL  PRINTER 
C 

DO  1100  I -1. NCOMM 

WRITE(6.  9010)  I,  <  ICHID(  12,  I),  12^=1,  *>), 

1  XDAR  < I ) . AMAX ( I > ,  AMIN< I ),  RMS< 1 ) ,  COUNT < 1 ) 


& 
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9010 


FORMAT ( ! 5.  13X,  3A2, 10X, 1PE1)  4, 

1  OX.  1PE1I  4,  4X.  1PE11.  4.  4X.  IP  Ell.  4.  4X.  1PE11  4> 

1100  CONTINUE 

WRITE (6. 9999) 

9999  FORMAT  < 1H1 > 

C 

RETURN 

t: 

c 

END 


Subroutine  AVCRMS 


SUBROUTINE  AVCRMS (DBUFF,  NCOMM.  NADC. AVO.  RMS.  MAX.  MIN.  COUNT) 


WRITTEN  BY  JOHN  DAVIES 


10-MARCH- 1976 


MOD  2  BY  NED  W.  RHODES 
MOD  3  BY  NED  W  RHODES 
MOD  4  DY  JOHN  DAVIES 
MOD  5  BY  NED  FOR  THE  CORT 


1 1 -MAY-76 
15 -MAY-76 
7-N0V-7B 
23  -JUL-79 


THIS  SUBROUTINE  READS  ONE  FILE  FROM  A  CID  STANDARD  DATA  TAPE. 
IT  COMPUTES  THE  AVERAGE.  RMS,  MA-  g,  MIN  FOR  EACH  DATA  CHANNEL. 
THE  PROGRAM  COMPUTES  AND  RETURNS  EVERYTHING  IN  COMPUTER  COUNTS 


CALLING  SEQUENCE: 

CALL  AVGRMS(DBUFF,  NCOMM,  NADC.  AVG,  RMS,  MAX,  MIN.  COUNT) 


WHERE; 

DBUFF  A  1920  WORD  INTEGER  ARRAY  IN  THE  CALLING 

PROGRAM  THAT  WILL  HE  USED  TO  BUFFER  THE  DATA 
INTO  THE  COMPUTER. 

J 

NCOMM  TOTAL  NUMBER  OF  CHANNELS  MULTIPLEXED  IN  DBUFF 
NADC  NUMBER  OF  CHANNELS  FROM  THE  ADC  MUX 
AVG  A  REAL  VECTOR  WHERE  THE  AVERAGE  WILL  BE  STORED 

RMS  A  REAL  VECTOR  WHERE  THE  RMS  WILL  BE  STORED 
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MAX  AN  INTEGER  VECTOR  WHERE  THE  MAX  WILL.  BE  STORED 

MIN  AN  INTEGER  VECTOR  WHERE  THE  MIN  WILL  BE  STORED 

0 

COUNT  A  REAL  VALUE  CONTAINING  THE  NUMBER  OF  AVERAGER 
PERFORMED  IN  AVGRMS 


NOTE: 

1.  THE  CONSTANT  RECORD  MUST  BE  READ  BEFORE 
CALLING  THIS  SUBROUTINE 


INTEGER  DBUFF ( 1 ) 

DIMENSION  AVG < 1 ) »  RMS < 1 ) >  MAX  < 1 ) . HIN< 1 ) 
REAL  COUNT < 32) 


INITIALIZE! 


DO  1  I-l.NCOMM 
COUNT  <  I )  *  0.0 
AVQ<I)«0.  O 
P.*tS<  I  )-0  O 
MAX  <  1 1—32767 
MIN  <l!>  =32767 


CONTI 


READ  THE 


S  CALL 


NUE 


NEXT  DATA  RECORD 


DREED < DBUFF. NCOMM.  NADC.  IOTA! ) 


CHECK  FOR  END  OF  FILE 

IF( ISTAT.  EQ.  -1 )G0  TO  30 


SET  POINTER  WITHIN  DATA  BUFFER  TO  ZERO 

IPT=0 
C 


100 


uuuu 


r 


{ 

C  COMPUTE  THE  SUM,  SUM  OP  THE  SOUARES,  MAX,  MIM,  *<  TOTAL  OP  SCANS 
c  OP  EACH  CHANNEL  RECORD  BY  RECORD 
<: 

C 

DO  10  J=  J ,  1ST  AT 
DO  10  I-l.NCOMM 
IP  D I  PD  J 

1?  1  VALUE  r-DBUFF  <  IPT  ) 

VALUE  *  I VALUE 
AVG< I >=AVG< I )+VAI  UP 
RMS  < I ) =RMS  < I ) +VAI  UE w VALUE 
IF  <  IVAL.UF  GT  MAX  ij"  MA>  (  J  >  ■■■  I  VALUE 
(P  <  JVALUF  LT  MIM<  1  '  ;  MIMvD  •-  1  VALUE 
COUNT'D  -  COUNI  ■!  l  ;  •  1  0 
JO  CONTINUE 

(. 

0 

C  GO  READ  ANOTHER  DATA  RECORD 

<; 

GO  TO  5 

<: 

C 

<: 

C  WHEN  AN  EOF  OCCURS  WE  GT!  HERE 
C 

C  CALCULATE  THE  AVERAGE  AND  RMS 

C 

0 

30  DO  40  Di.NCOMN 

IF  I  COUNT ( I )  EG  O  O)  GOTO  41 
AVG  < I ) =AVG ( I ) /COUNT  < I ) 

RMS  <  I  )=SQRT  <AJ3S<RMS<  1  > /COUNT < I > - AVG (I > *AVG ( I  )  )  ) 

GOTO  40 

41  AVGU)  »  0  0 
RMS  <  I  )  ••  O  0 
40  CONTINUE 

C 
C 

RETURN . 

END 

Subr otil  i nt»  DELED 


SUBROUTINE  DRCTD< I BUFF,  NCOMM,  NADG.  ISTAT ) 

0 

ROUTINE  TO  READ  A  CID/PDP  DATA  TAPE.  THIS 
ROUTINE  WILL  READ  A  DATA  RECORD-  SHIFT  DATA 
AND  LET  CALLER  KNOW  HOW  MANY  SCANS  JN  THE  RECSRD 
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CALL  DREAD ( I BUFF* NCOMM, NADC* IQTAT) 


<. 

C 

C 

< 

C  I BUFF  -  1920  WORD  BUFFER  IN  CALLING  PROGRAM  TO  HOLD  DATA 

C  NCOMM  -  NUMBER  OF  CHANNELS  COMMUTATED 

C  NADC  -  NOT  USF.D  IN  THIS  VERSION 

C  1  St  AT  -  RETURNED  VALUE.  *  NUMBER  OF  SCAN/RECORD 

C  -  END  Of  FILE  ENCOUNTERED 

i 

DIMENSION  )BUFF(1) 

DATA  IF ILL/ -27700/ 

DATA  I Ml  2/0/ 

C 

0 

C  FILL.  CHARACTER 

C 

I  ST  AT  ■  - 1920 /NCOMM 
LPOS* I ST AT  *NCOMM 
C 
C 

C  READ  DATA  RECORD 

C  » 

CALL  BFINP<  IMT2.  IBUKF,  19201 
IF <  IEOF ( IMT2)  GE..  0)  GO  TO  10 
I ST AT-- 1 
RETURN 

c; 

(; 

C  CHECK  FOR  FILL  CHAR  IN  LAST  POSITION 

<; 

10  IF<  IBUFF<LPOS)*'IFII.l  )  3,4.3 
C 
C 

C  FIND  LAST  SCAN  OF  GOOD  DATA  IN  RECORD 

(. 

4  J-LPOS-NCOMM-M 

DO  5  1-1 ,  J,  NCOMM 

If  <  IDUl-  Fill  IK  III  >  T,  *,  '■> 

•.  rriNTiw.ir 

h  1ST  AT- < I -  1 > /NCOMM 

<; 

C 

C  FIX  DATA  BUFFER 

C 

3  IPT  -  1 

IDIF  »  NCOMM  -  NADC 
DO  20  J  1.  1ST  AT 
DO  21  I  -  1 .  NADC 

IBUFF  (  IPT )  «=  I  BUFF  ( IPT )  -  2040  !  CONVERT  TO  +/*•  COUNTS 


IPT  *  IPT  +  1 

21 

CONTINUE 

IPT  IPT  +  IDIF 

! SKIP  OVER  DIGITAL  CHANNELS 

20 

CONTINUE 

RETURN 

END 
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APPENDIX  C 


/ 

/ 

/ 


HEADER  LOGS  FOR  M/V  S.J.  CORT  DATA  RUNS 

A  lifting  of  the  header  logs  for  all  data  runs  taken  during  the  course  of 
the  Fall  wave/atress/preaaure  measurements  on  the  CORT  follows  the  text  of  this 
appendix.  These  logs  contain  information  as  to  the  ship's  speed,  heading,  loca¬ 
tion  and  draft  in  addition  to  the  observed  wind  and  wave  conditions  existing  at  the 
time  of  the  data  run.  Also  included  in  the  logs  is  information  pertaining  to  the 

date  of  the  run,  time  of  day  and  remarks  before  and  after  the  run  which  might  pro¬ 

vide  additional  information  about  the  run. 

The  location  reported  in  terms  of  North  latitude  and  West  longitude  is  the 
best  estimate  by  the  mate  on  watch  as  to  the  actual  location  of  the  ship  at  the 
start  of  the  data  run.  Vessel  speed  was  determined  by  the  mates  on  watch  by  log¬ 
ging  distance  covered  over  a  period  of  time.  No  direct  reading  of  ship  speed  is 
available.  Vessel  heading  is  that  read  directly  from  the  ship  gyrocompass.  The 
wind  speed  and  direction  are  the  true  wind  speed  and  direction  existing  at  the 
Start  of  the  data  run  as  computed  at  that  tijse.  Wave  height  and  direction  are 
based  upon  visual  estimates  of  the  sea  running  at  the  start  of  the  data  run.  The 
wave  height  indicated  is  a  visual  estimate  of  the  significant  wave  height  (one 
third  highest)  observed  before  the  data  run  was  begun.  The  wave  direction  indi¬ 
cated  as  a  visual  estimate  of  the  direction  of  the  predominant  sea  running  at  the 

time  of  the  run  and  is  given  in  terms  of  where  the  waves  are  coming  from.  As  an 

example  of  how  to  determine  the  wave  to  ship  heading  angle  we  will  look  at  RUN  77. 
The  vessel  heading  is  given  as  256  degrees  and  the  wave  direction  is  given  as  250 
degrees.  Then  with  the  ship  heading  on  a  course  of  256  and  the  waves  coming  from 
250  degrees,  the  ship  would  be  encountering  the  waves  from  6°  to  PORT  of  the  ships 
bow. 
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This  would  be  classed  as  a  head  sea  case  in  the  groupings  used  in  the  text. 

The  vessel  draft  indicated  is  the  draft  at  the  ships*  bow.  To  establish  the 
trim  of  the  ship  for  a  particular  run.  Table  Cl  should  be  employed  to  determine  the 
ships  draft  amidship  and  aft.  For  example,  if  the  vessel  draft  indicated  in  the 
log  is  15  feet,  the  corresponding  drafts  for  forward,  amidship  and  aft  would  be 
15 • 4"  forward,  16*11"  amidship,  and  19* 8“  aft  respectively.  These  drafts  are  based 
upon  the  different  ballast  conditions  that  the  ship  operates  at  during  the  upbcund 
trip.  During  the  downbound  or  loaded  part  of  the  trip  the  ship  draws  27  feet  with 
no  trim. 
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TABLE  Cl  -  CORT  DRAFTS  FOR  LOAD/BALLAST  CONDITIONS 
CONDITION  LOG  ENTRY 


Ballast  Code  1  12’-12' 
Ballast  Code  2  15 '-16' 
Ballast  Code  3  l7'-18' 
Ballast  Code  4  19' -20’ 
Ship  Loaded  27 ' 


DRAFT  FVD 

DRAFT  AMID 

12*  -5" 

15'  -8H 

15' -4" 

S 

H 

rH 

1 

i 

H 

17' -0" 

18’ -11" 

20' -7" 

20' -7" 

27 '-0" 

27 '-0" 

1 

DRAFT  AFT 
19' -6" 

19' -8" 
21'-3" 

22' -0" 

27  '-0- 
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Malndeck  and  bottom  strain  gauge  tine 
histories  for  the  8  conditions  listed 
in  Table  2. 

Notes:  (a)  ITT  in  Run  #  stands  for  DTNSRDC 

(b)  1800  second  plot  is  total  run 
data  plotted  on  single  graph 

(c)  550  seconds  plot  is  the  first 
part  of  each  run 

(d)  Note  the  assymetries  in  the 
malndeck  data.  The  cause  of  this 
is  the  subject  of  further 
investigations 

(e)  Approximate  engineering  conversion 
units: 

Malndeck  19*52  psi/count 


Bottom  19.21  psi/count 
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American  Bureau  of  Shipping 

ABS  has  submitted  updated  versions  of  the 
vertical  bending  moment  transfer  functions 
for  the  M/V  STEWART  J.  COPT.  These  versions 
are  shown  in  Parts  A,  B,  and  C  of  this 
Appendix.  Part  C  is  the  most  recent  version 
and  was  extracted  from: 

American  Bureau  of  Shipping 
Ocean  Engineering  Division 
Technical  Report  OE-81001 

"Evaluation  of  Analysis  Methods  for 
Predicting  Hull  Girder  Dynamic 
Responses  in  Waves" 

January  1981 
Y.  IJ.  Chen 
J.  W.  Chion 


Part  A:  "Transfer  Functions1  of  Vertical  Bending 

Moment  Amidships  for  M/V  STEWART  J.  CORT" . pg.  E-2 

30  May  1980 

Part  B:  Update  -  "M/V  STEWART  J.  CORT  Full  Scale 
Instrumentation  -  Comparison  of  Vertical 

Bending  Moments  Amidships"  . pg.  E-13 

3  September  1980 

Part  C:  Update  -  "Revised  vertical  bending  moments 
amidships  for  the  original  8  conditions 

listed  in  Table  2  of  main  report"  . pg.  E-3^ 

January  19 81 


E-l 
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Transfer  Functions  of  Vertical  Bending  Moments 
Amidships  for  M/V  STEWART  J.  CORT 


JL,  /cw?e 


DL/ml 


30  May  1980 


Lt.  Mark  Noll 

U.S.  Coast  Guard  Headquarters  (G-DMT-1/TP54) 
2100  2nd  Street,  S.H. 

Washington,  D.C.  20593 


Subjectt  Transfer  Functions  of  Vertical  Bending 

Moment  Amidships  for  M/V  STEWART  J.  CORT 


D~ar  Lt.  Noll t 


Enclosed  please  find  our  theoretical  results  of  the  subject 
analysis,  which  are  presented  &n  both  tabular  and  graphic 
forms.  The  analysis  was  performed  for  the  eight  conditions 
specified  by  Capt.  Veillette's  letter  of  5  March  1980,  addressed 
to  our  Dr.  H.H.  Chen.  In  our  calculation,  the  load  distribution 
which  has  to  be  input  to  our  computer  program  was  obtained  by 
adjusting  the  loading  conditions  that  were  sent  to  Dr.  Chen 
in  a  subsequent  letter  of  14  May  1980.  The  adjustment  was  made 
so  that  the  forward  and  aft  drafts  were  the  same  as  given  in 
the  5  March  1980  letter.  Therefore,  the  load  distribution 
used  in  our  calculation  may  be  different  from  the  actual  case. 


Kindly  notice  that  in  the  tables  enclosed  herewith,  ue  and  u  are 
the  frequency  of  encounter  and  the  wave  frequency,  respectively. 
My  is  the  vertical  bending  moment  amidships  of  the  ship  in  a 
wave  of  one  foot  amplitude.  Thus,  My  is  the  transfer  function 
of  vertical  bending  moment. 


We  understand  that  DWTNSRDC  will  compare  the  calculated  transfer 
function  with  the  measured  data.  We  would  appreciate  receiving 
the  final  report  on  the  correlation,  whenever  it  becomes  available. 
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AMERICAN  BUREAU  OF  SHIPPING 


moi  Two  urn  to:  DL/ml 
TO  Lt.  Mark  Noll  oat*  5/30/80  m*  m:  RD-1 


Should  you  have  any  questions  regarding  our  calculation, 
please  feel  free  to  contact  Dr.  Chen  at  (212)  440-0466. 

Very  truly  yours, 

AMERICAN  BUREAU  OF  SHIPPING 


Enel: 


Stanley  G.  Stiansen 
Vice  President 
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Captain  M.M.  Veillette 
Chief,  Marine  Technology  Division 
U.S.  Coast  Guard 
Washington,  DC  20593 

Subject:  M/V  STEWART  J.  CORT  Full-Scale  Measurement- 

Comparison  of  Vertical  Bending  Moments  Amidships 

Dear  Captain  Veillette: 

This  is  to  acknowledge  receipt  of  your  letter  of  19  August  1980, 
addressed  to  our  Dr.  H.H.  Chen,  regarding  the  subject  matter. 

In  your  letter  you  forwarded  materials  on  the  comparison  of 
measured  vertical  bending  moments  amidships  with  the  results 
calculated  by  ABS  and  Webb  Institute  for  the  subject  ship.  It 
was  also  requested  that  we  provide  you  with  the  low  frequency 
dynamic  bending  moments  computed  with  the  program  ABS/SHIPMOTION. 

We  have  reviewed  the  comparison,  and  offer  the  following  comments: 

1)  The  transfer  function  of  vertical  bending  moment  that  we 
provided  for  the  comparison  was  calculated  by  our  program 
SPRINGSEA- II.  The  agreement  between  our  results  and  the 
measured  data  in  the  high  frequency  (springing)  range,  as 
well  as  the  significant  value  of  springing  bending  moment 
is,  indeed,  very  encouraging. 

2)  The  bending  moment  transfer  functions  computed  by  the  program 
SPRINGSEA- I I  are  also  valid  in  the  low  frequency  range.  In 
order  to  demonstrate  this  point,  we  have  employed  ABS/SHIPMOTION 
to  calculate  the  low  frequency  transfer  functions  for  the  8 
conditions  which  are  considered  in  the  comparison.  Results 
obtained  are  superimposed  over  the  transfer  functions  generated 
by  SPRINGSEA-II ,  mentioned  in  item  1.  These  results  are 
displayed  in  Figures  1-8  enclosed  herewith.  Very  close 
agreement  is  evident.  On  account  of  the  confidence  accorded 

to  the  ABS/SHIPMOTION  results,  the  transfer  functions  of 
SPRINGSEA-II  in  the  low  frequency  range  are  thus  judged  to  be 
correct. 


-  1  - 


TELEPHONE  212-440  0300  CABLE  ADDRESS  'RECORD"  TWA  710  501  308*3  TELEX'  ITT  421966  RCA  232099  Will  620353 

E-14 


AMERICAN  BUREAU  OF  SHIPPING 
to  Captain  H.M.  Veillette 
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3)  We  understand  that  the  transfer  function  deduced  from 
measured  data  is  taken  to  be  the  square  root  of  the 
measured  bending  moment  spectrum  divided  by  the  measured 
wave  height  spectrum.  It  is  expected,  in  general,  that 
reliable  results  can  be  obtained  from  this  procedure, 
provided  that  both  bending  moment  and  wave  spectral 
ordinates  are  sufficiently  large  for  producing  non-biased 
data.  This  is  not  the  case  in  the  low  frequency  range  of 
all  8  cases  under  consideration  as  evidenced  by  the  small 
values  of  the  wave  spectra  transmitted  to  us  by  your  letter 
of  2  June  1980.  In  all  cases,  the  wave  energy  in  the  low 
frequency  range  is  seen  to  be  extremely  small.  Hence, 
comparison  should  not  be  made  in  this  range,  unless  similar 
data  can  be  gathered  under  much  more  severe  sea  conditions 
where  significant  wave  energy  exists  in  the  lower  end  of 
the  wave  spec tr tun. 

4)  Possible  discrepancy  between  the  analytical  results  obtained 
from  Webb's  computer  program  and  the  ABS  programs  had  been 
suspected  during  the  course  of  development  of  the  ABS  1978 
Great  Lakes  Bulk  Carrier  Rule  for  longitudinal  strength. 
Attempting  to  resolve  this  issue,  we  had  requested  and 
subsequently  received  a  program  from  the  Coast  Guard.  This 
program  was  developed  by  Mr.  T.  Zelinsky  at  Webb,  which,  as 
we  understand,  is  for  head  seas  only.  Previous  comparison 
for  Great  Lakes  vessels  in  head  seas  indicated  that  agreement 
between  programs  in  our  possession  and  SPRINGSEA-II  were  quite 
good  in  the  high  frequency  range.  This  is  illustrated  for  the 
Cort  in  a  ballast  condition  by  the  display  of  Figure  9  enclosed. 
In  the  low  frequency  range,  the  Webb  formulation  is  not  expected 
to  be  valid  and  the  agreements  are  poor.  This  point  was  estab¬ 
lished  through  our  communication  with  Mr.  Zelinsky  at  that  time. 
In  regards  to  the  poor  agreement  between  the  analytical  results 
obtained  by  ABS  and  Webb  as  exhibited  in  the  comparison,  it  can 
be  traced  to  a  number  of  possible  sources,  among  which  are  the 
appropriate  use  of  the  Webb  program  in  non-head  seas  conditions 
and  the  discrepancies  among  the  several  versions  of  Webb's 
program.  We  have  no  ready  means  to  investigate  these  pos¬ 
sibilities. 
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AMERICAN  BUREAU  OF  SHIPPING  >AOl  Three  ^trt*  to:  DL/HHC/ml 

TO  Captain  H.M.  Veillette  oat*  9-3-80  ru*  iter.:  RD-3 

We  believe  the  enclosed  comments  will  provide  some  explanation 
as  to  the  differences  between  the  calculated  and  measured  bending 
moment  transfer  functions.  Zf  you  have  any  questions  regarding 
our  comments,  please  do  not  hesitate  to  contact  Dr.  H.H.  Chen 
at  (201)  440-0466. 

Very  truly  yours, 

AMERICAN  BUREAU  OF  SHIPPING 

Stanley  G.  Stiansen 
Vice  President 


By: 

Enel : 
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Chief  Research  Engineer 
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January  1981 


Captain  H.M.  Veillette 

Chief,  Marine  Technology  Division  . 

United  States  Coast  Guard 
2100  Second  Street,  S.W. 

Washington,  DC  20593 

Dear  Captain  Veillette: 

With  reference  to  our  letter  dated  17  March  1981,  we  have  now 
completed  the  technical  report  entitled  "Evaluation  of  Analytical 
Methods  for  Predicting  Hull  Girder  Dynamic  Responses  in  Waves", 

Report  No.  OE-81001  by  Y.N.  Chen  and  J.W.  Chiou.  We  are  now 
forwarding  this  report  to  you  in  the  enclosure.  The  revised  transfer 
functions  corresponding  to  the  eight  cases  selected  from  the  Coast 
Guard's  full  scale  stress  and  wave  measurement  program  are  contained 
in  Appendix  B.  In  addition,  comparisons  have  been  made  in  this  report 
between  our  approach  and  the  formulation  of  Goodman  which  has  been 
programed  for  the  Coast  Guard  by  Webb  Institute.  We  would  like  to 
thank  you  again  for  making  the  latter  computer  program  available  to  us. 

We  hope  this  report  would  provide  interesting  reading.  Meanwhile,  we 
are  looking  forward  to  receiving  the  draft?- of  the  DTNSRDC  report  and/or 
its  appendix  as  mentioned  in  our  17  March  letter. 

Very  truly  yours, 

AMERICAN  BUREAU  OF  SHIPPING 

Stanley  G.  Stiansen 
Vice  President 


Chief  Research  Engineer 


Enel : 


TELEPHONE  212-  440  -0300  CABLE  ADDRESS  "RECORO"  TWX'  710-  581-3089  TELEX:  ITT  42)966  RCA  232099  WUI  620353 
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ABSTRACT 


A  step-by-step  synthesis  of  the  analysis  for  the  dynamic 
response  of  the  hull  girder  to  wave  excitation  based  on 
various  formulations  is  presented.  Aspects  examined  in 
the  present  work  include* those  for  the] determination  of 
wave  exciting  forces,  for  the  analysis1 of  vibratory 
motion,  of  the  damping  prediction,  and  those  for  the  long¬ 
term  prediction  in  the  realm  of  longitudinal  strength 
evaluation.  Sources  of  discrepancy  among  analytical 
methods  are  identified  through  quantitative  comparison. 
They  are  also  compared  with  results  deduced  from  full 
scale  measured  data.  The  latter  is  analyzed  by  the 
application  of  the  modified  "partial  spectrum"  method 
for  damping  evaluation  and  by  the  Ochi  long-term  method 
for  extreme  value  extrapolation. 
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I  INTRODUCTION 

A  major  consideration  in  the  evaluation  of  a  ship's  longitudinal 
strength  is  the  dynamic  response  of  its  hull  girder  under  the  in-' 
fluence  of  wave  action.  In  this  connection,  the  capability  of  the 
hull  girder  is  primarily  measured  by  the  combined  effect  of  three 
bending  moment  components,  namely,  the  bending  moment  induced  by 
the  direct  action  of  the  waves,  the  bending  moment  induced  by  the 
rigid  body  motion  of  the  ship,  and  the  bending  moment  attributed 
to  the  dynamic  amplification  of  the  hull  structure's  vibratory  motions. 

r* 

(page  3) 

It  is  interesting  to  note  that  the  Coast  Guard  has  under¬ 
taken  a  full  scale  wave  and  stress  measurement  project  during 
the  1979-80  season  onboard  of  the  Great  Lakes  bulk  carrier 
8tewart  J.  Cort  which  results  in  producing  a  number  of  transfer 

functions  (RAO)  of  bending  moment.  Preliminary  comparison  in¬ 
dicates  that  the  calculated  results  of  SPRINGSEA-II  compare 

somewhat  more  favorably  than  the  first  method.  Nevertheless, 
such  comparisons  are  not  conclusive.  Limited  comparison  between 
analytical  results  obtained  from  the  aforementioned  computer  pro¬ 
grams  indicates  that  the  discrepancy  near  the  springing  peak  of 
the  transfer  function  may  differ  by  a  factor  of  2  or  higher.  Al¬ 
though  this  observation  is  by  no  means  conclusive,  the  large  dif¬ 
ference  in  itself  is  a  manifes ,ution  of  how  unsettled  springing 
analysis  remains.  .  E-38 
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In  dealing  with  the  synthesis  of  analytical  determination 
of  the  vibratory  motions,  a  simplified  method,  based  upon  the 
classical  Hamilton  variational  principle  is  developed.  This 
method,  on  account  of  its  simplicity,  offers  the  possibility 
of  investigating  the  step-by-step  excursion  of  the  two  basic 
methods  of  References  (1,  2,  3],  and  Ref.  [4]. 

In  a  way,  the  present  energy  method  serves  as  a  tracing 
mechanism.  In  order  to  separate  the  issues  of  wave  force  cal¬ 
culation  and  methods  of  vibration  analysis,  the  computer  program 
for  the  energy  method  is  designed  to  accept  wave-induced  forces 
as  input  information  but  the  motion  (rigid  body)  induced  force 
is  determined  within  the  program.  Other  than  this  aspect,  the 

energy  method  can  also  stand  on  its  own  as  a  complete  method  for 
the  determination  of  the  transfer  function,  valid  throughout  the 
entire  frequency  range  provided  that  the  wave-induced  force  is 
valid  in  such  a  range. 

The  present  energy  method  has  been  used  to  calculate  transfer 
functions  of  bending  moment  of  the  Stewart  J.  Cort  for  eight  load¬ 
ing  conditions  in  conjunction  with  the  aforementioned  stress  mea¬ 
surement  project  undertaken  by  the  Coast  Guard. 
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VIII  CONCLUSION 

A  step-by-step  synthesis  of  the  analysis  for  the  dynamic 
response  of  the  hull  girder  to  wave  excitation  in  the  context  of 
longitudinal  strength  has  been  presented  in  the  preceding  sections 
The  Great  Lakes  bulk  carrier  M/V  Stewart  J.  Cort  has  been  selected 
as  an  illustrative  example.  Through  the  comparison  of  results  at 

various  stages,  the  following  conclusion  can  be  drawn. 

1.  The  discrepancy  in  the  computation  of  transfer 
function  (or  RAO)  is  traced  to,  primarily,  the 
method  employed  in  the  calculation  of  wave- 
induced  forces.  As  for  which  of  these  methods 
is  more  preferable,  it  appears  that  the  method 
of  Salvesen  et.  al  employed  in  Ref.  [13]  should 
be  used  by  inference  to  the  comparison  of  long 
term  results.  Other  methods  for  computing  the 
wave-induced  forces  are  valid  in  the  low  frequency 
range  but  the  corresponding  wave  excitation  is 
judged  too  high  in  the  high  frequency  range. 
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APPENDIX  B 

The  present  energy  method  has  been  utilized  to  compute 
transfer  functions  for  comparison  with  the  USCG  wave  and  stress 
measurement  project  mentioned  earlier.  To  ttee  purpose,  the  theo¬ 
retical  transfer  functions  corresponding  to  the  following  eight 
cases  have  been  obtained. 


DRAFT 


Condition 

Speed  (MPH) 

FWD 

MID 

AFT 

Ship-Wave 
Angle  (Degrees) 

1 

14.4 

19*11" 

20*7" 

22*0" 

6 

2 

14.4 

19*11" 

20*7" 

22*  C" 

11 

3 

14.7 

27*0" 

27*0" 

27*0" 

6 

4 

14.2 

27*0" 

27*0" 

27*0" 

9 

5 

13.5 

27*0" 

27*0" 

27*0" 

23 

6 

13.5 

27*0" 

27*0" 

27*0" 

10 

7 

11.6 

18*0" 

19' 11" 

21*3" 

0 

8 

11.6 

19*11" 

20*7" 

22*0" 

20 

The  resulting  transfer  functions  of  vertical  bending  moment 
amidship  are  tabulated  below  and  they  are  displayed  in  Figs.  B-l 
to  B-8. 
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Fig.  B2  -  Transfer  function.  Case  2 
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Pig.  B5  -  Transfer  function.  Case  5 
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ENCOUNTER  FREQUENCY  (HZ) 


Fig.  B6  -  Transfer  function,  Case  6 
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ABSOLUTE  FREQUENCY  (HZ) 

l.«0  1.0$  0.10  0.11  1.16  0.22  0.27  0.10 


Fig.  B8  -  Transfer  function,  Casa  8 
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Theoretical  Estimate  of  the  RAO  for  the  H/V  Stewart  J  Cort 


Prepared  by  Armin  W.  Troesch,  P.E. 

University  of  Michigan 


The  purpose  of  this  brief  paper  is  to  give  a  detailed  description  of  how 
the  results  of  the  ABS/MARAD  funded  Springing  Project  can  be  used  to  predict 
the  RAO  for  the  midship  bending  moment  of  a  Great  Lakes  bulk  carrier*  For  the 
sake  of  brevity,  only  the  case  of  resonant  response  in  head  seas  will  be 
considered.  For  the  off-resonant  frequencies,  the  method  is  essentially  the 
same. 


As  described  by  Troesch  (1980),  there  is  little  or  no  coupling  between 
springing  and  the  rigid  body  modes  of  motion  of  heave  and  pitch,  bet  us  also 
assume  that  1)  there  is  little  coupling  with  the  higher  mode  shapes  and  2) 
that  some  of  the  hydrodynamic  aspects  of  full  scale  flexible  ship  can  be 
approximated  by  the  hinged  model  used  in  the  experiments  at  the  University  of 
Michigan.  The  uncoupled  differential  equation  describing  the  normalized 
springing  response,  q2  ,  for  the  hinged  ship  is  then  given  as 

92<a22+A22^  +  92<b22+B22)  +  92c22  “  M()(1+lA/f?)  ♦  E2  •  l1* 

For  an  explanation  of  the  various  coefficients  see  Troesch  (1980).  It  is  only 
important  here  to  note  that 

M0  “  -hs( 1  +  92 

where  Mg  is  the  midship  bending  moment  and  ks  is  the  internal  spring 
constant . 

Now  define  an  internal  spring  constant,  C22  t  33 

c22  a  +  *a/*F>2  * 

and  also  the  damping  ratio,  C  ,  as 

fb22+B22>w0  b22  +  B22 

C  . 1  .  —  2*  « II  111  ■  —■■■■  ■—  1  ■Ill  ■  I 

2(c22+c22)  2/(c22+C22) (a22+A22) 

where  wg  i3  the  natural  frequency  in  springing. 


By  using  the  above  definitions  and  equation  (2),  the  solution  for  the 
springing  response  to  sinusoidal  excitation  is 

«2  r _ i 

**  “p<*22+A22>  b1“Ug/wo)+i25We/“ 

Bars  i  is  used  as  an  imaginary  notation  and  equal  to  /-T  .  By  manipulating 
the  abovw  expressions,  the  bending  moment  at  midship  can  be  shown  to  be 


"0 


_ n _ i  r, _ £22 _ i  r — 2 — i 

( l-tn^/u^j+iacug/uo  J  L  up<*22+A22>J  L1+th/tpJ 


(4) 


Troesch  (1980)  contends  that  there  is  little  hope  of  theoretically 
predicting  the  total  springing  damping,  (bjs  ♦  B22)  »  and  so  empherical 
information  must  be  used.  In  this  study,  we  will  use  full  scale  data  to 
estimate  both  the  damping  ratio,  C  •  end  the  natural  frequency,  up  .  The 
other  terms  will  be  calculated  or  estimated  from  experiments, 


Zf  *2  in  equation  (4)  represents  the  excitation  due  to  an  incident  wave 
of  unit  amplitude  and  frequency  ue  ,  then  Mp  can  be  written  as  Mp(ue) 
the  response  amplitude  operator  (RAO)  of  the  midship  bending  moment.  At 
resonance  (i.e.  ue-o)p),  the  total  bending  moment  becomes 

«o — ^ —  r.  - , 

<t.t^«r)<125)  L  “§<*22*»22> 


If  we  knew  the  values  of  the  various  terms  in  equation  (5),  we  could 
calculate  the  first  order  RAO.  NOll  (1980)  gives  a  range  of  values  for  c 
nnd  Up  for  the  SJ  Cort  in  various  loading  conditions.  Restricting  our 
attention  to  the  full  load  condition,  the  average  values  are  the  followings 

Cave  a  .0154 

and 


up  a  .303  hz. 
“ave 


Xf  the  more  recent  data  from  the  fall  1979  SJ  Cort  measurements  are  examined, 
the  full  load  natural  frequency  for  that  sot  is  close  to  up  ■  .32  hz.  Both  of 
these  natural  frequencies  will  be  used  in  the  calculations. 


The  ship  length  to  wave  length  ratio  Cor  a  given  frequency  of  encounter 
and  ship  velocity  can  be  found  from  the  following  expression: 

t/X  ■  L(-/g"  ♦  /g  +8»Uu#)2/8«02  .  (6). 

Zn  equation  (6)  the  ship's  length  L  ,  the  gravitational  constant  g  , 
and  the  forward  velocity  V  must  all  be  In  consistent  units*  The  frequency 
of  encounter,  u(  ,  1*  in  cycles  per  second,  i.e.  he.  Setting  wv>uo*.)03  he 
or  .32  he  and  letting  0  take  the  values  of  14.7  aph,  14.2  mph,  and  13. 3  aph 
the  t/X  ratios  at  resonance  can  be  calculated  and  are  shown  in  Table  1. 

Table  1  -  t/X  Values  for 


0 

vx 

t/X 

(nph) 

(uqb.303  ha) 

(Ug*.32  ha) 

14.7 

5.95 

6.43 

14.2 

6.08 

6.56 

13.5 

6.26 

6.76 

With  these  values  for  t/X  and  figure  11  In  Troeech  (1980),  the 
magnitude  of  the  first  order  excitation,  82  ,  for  the  model  can  be 
determined.  The  hydrostatic  restoring  coefficient  C22  can  easily  be 
calculated  and  the  model  inertia  and  added  mass,  *22+*22  •  can  be  read  from 
Figure  8  in  Troesch  (1980).  Equation  (5)  then  can  be  used  to  determine  the 
magnitude  of  the  first  order  transfer  function,  Mq(uq).  Table  2  summarises 
the  calculations  for  the  RAOs. 

Zn  relationship  to  Table  2,  there  are  two  points  worth  noting.  First, 
the  generalised  excitation  82  and  normalised  mass  coefficient  *22**22  used 
in  equation  (5)  are  for  a  hinged  ship,  i.e.  two  rigid  halves  connected  by  a 
flexible  spring  at  midships.  'Wile  only  approximates  the  full  scale  structural 
dynamics.  And  secondly,  the  damping  term  C  is  only  an  average.  The  actual 
range  of  values  varied  from  .006  to  .025,  a  decrease  of  39%  to  an  increase  of 
62%.  Since  M2  ia  inversely  proportional  to  C,  it  also  can  only  be 
considered  as  an  average. 

Zf  the  RAO  for  other  frequencies  is  desired,  equation  (4)  can  be  used  in 
a  fashion  similar  to  that  already  shown.  Such  calculations  for  the  model  were 


F-6 


Tabla  2  -  Various  RAO's  for  the  SJ  Cort  at  Rasonance 
Mfl  ■  .303  hz 


0 

E2  (model) 

M2  (full  scale) 

(raph) 

(ft- lbs/ft) 

(ft- tons/ft) 

14.7 

93 

169,200 

14.2 

37 

67,300 

13. 5 

58 

106,000 

U 

E2  (model) 

Mjj  (full  scale) 

(mph) 

(ft-lbs/ft) 

( ft-tons/f t) 

14.7 

130 

237,000 

14.2 

148 

269,000 

13.5 

128 

235,000 

dona  by  Troesch  (1980)  and  the  results  plotted  in  Figure*  17  and  18  of  that 
work.  (A  copy  of  Figure  18  is  included  here  as  an  illustration.)  See  Troesch 
(1980)  for  details. 

.  I 
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Spring  thickness  -.500  in.  ffcca.  velocity  i  2.90  ft/sec. 
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SPRINGING  CALCULATIONS  ON  THE  STEWART  J.  CORT 
USING  LINEAR  THEORY 

by  R.  D.  Sedat 

Springing  is  a  wave  induced  vibration  of  a  ship's  hull  which  can 
contribute  substantially  in  certain  circumstances  to  the  total  bending 

moment.  As;  prediction  of  these  bending  moments  in  the  design  stage  is 

| 

necessary  to  ensure  adequate  longitudinal  strength,  the  U.  S.  Coast 

I 

Guard  undertook  a  comparison  of  measured  bending  moments  on  the  STEWART 

i 

J.  CORT  and  those  predicted  by  linear  springing  theory. 


The  Center  for  Maritime  Studies  (CMS)  staff  at  Webb  Institute  of 
Naval  Architecture  has  been  working  on  the  springing  problem  for  some 
time.  They  have  utilized  as  their  starting  point  the  basic. linear  springing 

theory  proposed  by  Goodman  (1).  Hoffman  and  van  Hooff  modified  this 

{ 

theory  somewhat  to  take  into  account  speed  effects  on  added  mass  and 
damping.  Zielinski  then  programmed  their  work  for  ease  in  making  predictions. 
These  modifications  are  thoroughly  described,  along  with  program  documentation, 
in  References  (2,  3,  4  and  5),  so  they  will  not  be  reiterated  here. 


Under  contract  with  the  U.  S.  Coast  Guard,  Webb  Institute  of  Naval 
Architecture  was  asked  to  apply  this  program  to  predict  springing  induced 
bending  moment  per  foot  of  wave  height  for  the  STEWART  J.  CORT,  a  998' 
Great  Lakes  ore  carrier,  under  the  following  conditions: 


G-2 


Draft 


Case  No. 

Speed  (ft/sec) 

Fwd 

Mid 

Aft 

Offset  File 

Heading  0 

Wn 

(rad/sec) 

1 

21.12 

i9'ir 

20'7“ 

22 '0" 

ofcor  3 

174 

2.205 

2 

21.12 

i9'ir 

20' 7" 

22 '0" 

ofcor  3 

169 

2.205 

3 

21.56 

27 '0" 

27  *0" 

27'0" 

ofcor  1 

174 

1.960 

4 

20.83 

27 'O'1 

27'0" 

27'0" 

ofcor  1 

171 

2.080 

5 

19.80 

27 'O’* 

27*0" 

27 '0" 

ofcor  1 

157 

2.073 

6 

19.80 

27 '0" 

27' 0“ 

27 '0" 

ofcor  1 

170 

2.080 

7 

17.01 

18*0" 

19*11" 

21 '3" 

ofcor  2 

180 

2.205 

8 

17.01 

1 9 ' 11 " 

20' 7" 

22 '0" 

ofcor  3 

160 

2.205 

.2  >  <ue  >  2.5  rad/sec 

In  order  to  calculate  the  springing  response  for  these  cases,  Webb's 
original  head  seas  program  was  changed  to  account  for  other  headings.  This 
principally  involves  a  modification  of  certain  terms  in  the  exciting  force 
equation  for  wave  headings  which  are  not  aligned  with  the  ship's  longitudinal 
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Original  Equation 


Updated 


Equation  12(g) 
Equation  12(k) 
Equation  17(h) 
Equation  17(m) 


(-cos  b)  *  (Equation  12(g)) 
(-cos  t>)  *  (Equation  1 2( k) ) 
(-cos  b)  *  (Equation  17(h)) 
(-cos  b)  *  (Equation  17(m)) 


(Appendix  I  also  contains  a  comparison  of  the  original  head  sea  program, 
SPM2G162,  and  the  modified  version,  SPM2G163). 


After  modifying  the  computer  program  to  include  these  changes, 
preliminary  calculations  were  carried  out  for  all  8  cases.  The  results 
of  the  full  load  predictions  (Cases  3-6),  plotted  in  AppendixIII,  are  seen 
to  be  slightly  high,  but  in  reasonable  agreement  with  the  peak  bending  moments 
measured  at  resonance. 


The  preliminary  results  of  the  light  load  cases,  however,  were  much 
higher  than  the  measured  results.  Accordingly,  the  remaining  project  effort 
was  directed  towards  explaining  this  discrepancy. 


The  offset  files  were  available  at  fortyj stations  spaced  between 
perpendiculars.  In  the  light  load  cases,  however,  the  actual  waterline 
was  slightly  shorter.  Since  this  change  was  Uss  than  1%  LBP,  the  available 
offsets  were  used  to  avoid  having  to  interpolate  and  fair  new  stations  at 
the  ends. 


Sensitivity  studies  showed  that  bending  moments  were  not  overly 
sensitive  to  a  precise  calculation  of  the  mode  shape.  Studies  on  heading 
effects,  however,  revealed  that  calculated  bending  moments  could  be  tv/ice 
as  high  at  160°  heading  as  at  180°. 
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In  several  of  the  preliminary  runs,  the  calculated  speed  dependent 
added  mass  and  damping  v;ere  of  the  wrong  sign;  i.e,  overall  damping  should 
Increase  and  added  mass  'decrease  with  forward  speed.  The  program  actually 
carries  out  the  Integration  of  the  local  speed  dependent  sectional  mass, 

-^2  »  and  damping,  -V  (where  N1  and  m1  are  the  sectional 

r 

hydrodynamic  damping  and  added  mass,  respectively).  It  can  be  easily  shown, 
however,  that  If  the  added  mass  and  damping  at  the  bow  are  zero,  then  the 
Integrals,  !  and  1  reduce  to  the  values  of  N1  and  m'  at  the  stern. 

The  program,  however,  approximates  the  derivatives  by  a  simplified  difference 

method  and  the  resultant  numerical  inaccuracy  produces  different  answers. 

★ 

The  program  was,  therefore,  modified  so  that  the  values  of  N'  and  m'  at 
the  stern  are  used  for  the  integrals.  This  change  improved  the  agreement 
between  predicted  and  measured  values  slightly.  Thus,  data  files  for  the 
other  light  load  cases  were  carefully  checked  and  the  program  re-run. 

The  results  of  these  calculations  (Cases  1,  2,  7  and  8)  are  shown  in  Appendix  III. 

Conclusions 

1.  Webb's  computerization  of  linear  springing  theory  produces  generally 

satisfactory  results  for  the  STEWART  J.  CORT,  at  full  load,  operating  in 
mild  sea  conditions. 

* 

I.e.,  lines  1631  and  1632  of  the  program  listing  in  Appendix  I  were  inserted. 

It  can  be  seen,  however,  that  the  speed  dependent  terms  are  only  a  small 
fraction  of  the  total  mass  and  damping. 

★  ★★ 

Some  errors  were  found  in  the  interpolated  added  mass  and  damping  values 
used  in  the  first  set  of  runs.  The  correction  of  these  errors  showed  that 
calculated  bending  moments  were  also  particularly  sensitive  to  added  damping. 
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2.  The  calculation  of  speed  dependent  added  mass.and  damping  was  found  to 
be  in  error  and  has  been  corrected.  Though  these  terms  do  not  have  a 
large  impact  on  the  results,  they  show  that  the  numerical  techniques 

jail  Jmi  Jy 

used  by  the  program  for  evaluating  integrals  involving  — -  ,  and  g- 

are  highly  approximate.  Since  integrals  of  these  types  also  occur 
in  the  calculation  of  the  exciting  force,  there  is  a  distinct  likelihood 
this  calculation  too  contains  significant  numerical  errors, 

3.  Heading  effects  appear  significant  and  should  be  included  in  linear 
springing  theories. 

4.  Peak  bending  moments  calculated  by  the  Webb  program  for  the  light  load 
cases  are  significantly  too  high  in  three  cases  out  of  four.  The 
calculated  exciting  forces  seem  to  be  responsible  for  these  high 
bending  moments.  The  following  possible  explanations  are  advanced: 

a.  Sensitivity  studies  have  shown  that  results  are  quite  sensitive 

to  variations  in  the  hydrodynamic  damping  at  the  ends.  Added  mass 
and  damping  in  this  study  was  determined  by  Frank  Close-fit  methods 
at  40  stations  between  perpendiculars.  At  light  drafts,  LWL  is 
slightly  different  than  LBP.  To  avoid  interpolation  of  new  stations, 
and  recalculation  of  added  mass  and  damping  coefficients,  the 
values  calculated  between  IBP's  were  used. 

b.  Offset  files  were  also  created  for  40  stations  along  the  LBP. 

c.  Wall-sidedness  about  the  waterline  is  assumed  for  the  calculation 
of  exciting  force.  This  assumption  is  more  unrealistic  for  light 
load  than  full,  particularly  at  the  ends  of  the  ship. 
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d.  Calculated  exciting  forces  may  be  subject  to  numerical  Inaccuracy, 
as  noted  In  Conclusion  2. 

.Reasons  a  and  b  can  be  eliminated  by  use  of  exact  station  locations. 
Reason  d  could  be  changed  by  using  a  cubic  spline  technique  to  evaluate 
more  accurate  derivatives.  Reason  c,  however,  cannot  be  changed  without 
extensive  modifications  to  the  program.  Thus,  until  these  changes  are 
effected,  light  load  predictions  by  Webb's  linear  spring  program  should 
be  regarded  skeptically. 
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APPENDIX  I 


MODIFICATIONS  TO  INCLUDE  VARIABLE  HEADINGS 


1-1 


SAMPLE  DERIVATION 

For  example,  the  term  in  Equation  12  becomes 


'  fr  e  "kd*  e  fkx('cos  »  X(x)dx 

I  ■  -<«/v  e"kd*  ,  1kx<-cos  »>  x(x)  *• 


Now  Integrate  by  parts. 


-iu|  [m'  V  e‘kd*  e  ikx(‘cos  ®)  x(x)  ]  ^  -j m'  d  (V  e'kd*  e  ikx(-cos  6)x(x)  }  j 


Eqn.  12(h) 


"i“  A  “  1u  v/m'  e'kd*  e  lkx("cos  6)  dXM  +  u  y  f  X(x)  m1  d  [e~kd*  e  1kxt~cos  <*)] 


Eqn.  12(i) 


B  -  i«  v/m*  X{x)  e~kd*  e  ikx(-cos  6)  {-ik-cos  e)  dx 

a  (-cos  0)  £-u>Vk  J m'  X(x)  e"kd*  eikx*"cos  B)  dx  J 

— - — — — - — ' 

Eqn.  12(k) 

-  (-cos  e)  *  Eqn.  1 2( k) 


G— 10 


COMPARISON  OF  HEAD  SEAS  PROGRAM  (NO.  1)  AND  VARIABLE  HEADING  (NO. 2) 


14.227  SEC.  170  I/O 
HEADY 

TEX 

fcMcR  MATCH  SIZE?  2 

2  125  COMMON  /HEAD/  C0S3,  NA.VENI  ,ANS  1  <  3)  ,BETAD 

2  270  XX=-2.0*U0B*C0SB/GRAV 

2  271  IF<  XX.  GT  .l.E-6)G()  T0  6 

2  272  OVfcGA=()MEGAh 

2  27j  GO  TO  7 

c  274  ^CONTINUE 

2  275  E)Ef=l . 0+2.0* XX*OMEGAE 

2  276  IF( DEf .  LT  .0.)GO  TO  9 

2  273  OM£GA=(SQRT(0fcf )-l .0)/XX 

2  279  7C0NTINUE 

2  290  H A V EK =0M EGA *0M EG A /GR  A V 

2  2  92  NAVEN1=-WAVcN*C0SB 

2  300  AKS(I2,2)=2.*PI/rtAVENl 

I  270  XX=2.0*U0d/GRAV 

I  230  OMEGA=<SQRT<l.O+2.0*XX*OMtGAE)-I.O)/XX 

I  290  rt A V E N ® OM  EGA *()ME G A/G RA V 

1  3 CO  ANSI I Z,2 ) =2 .  *PI /WAV EM 

2  352  ANSI  ( IZ)=bEiAQ 

2  442  GO  TO  10 

2  444  9C0NTINUE 

2  446  N9ITE (NTAPE4  ,91  ) 

2  447  9Ir'Or?MAT(//oX,  j6H0mEGA  IS  UNDEFINED  {  CASE  TESmI NATES.  ,/,  1  4X ,20H'i3' 

2  443  AHEAD I NG. ) 

2  449  IOCONjINUE 

2  502  COMMON  /HeAu/  COSb,NAVtNI, ANSI (3)  , RET  AD 

2  1192  mRITE (NTAPE4, 102) 

2  1194  READINTAPEI  ,103)  BET  AC 

2  1 1 9o  C03b=COS<PI*3£i'AU/13C.O) 

2  1311  1 02 FORM  AT  ( 1 X  ,  7  HH EAD IMG) 

2  1312  IC3F()rtMAT(FI0.0) 

2  1342  COMMON  /HEAL)/  COSB.NAVtNI  ,ANSI  <  3)  ,6ETAD 

2  2090  CREX(I)=CmPLX(-«AVEN*DST(I),iiAVEN1*XI(I  )) 

l  2090  CREX(  1 )  *C.'.iPLX(-i»AV£N*DST  { I )  ,NAVtN*XI  ( I ) ) 


IV  IV  IV  N  IV 


j 


2  2190  FEX(5)=C0;.1Pa*'J03*mAVEN1*CYMPS 

I  2130  CALLSKTWPIi.AVEN.CYMPS.CO,!  ,N,XdEL> 

1  2190  FEX(5)=C0i.,PA*U05*KAVEN*CYMPS 

2  2250  FEX(4)=-0MEGA*U03*;\AVBI1*CYMPS 

1  2240  CALLSPC0MP(„AVEN,CYMPS,C0,1 ,N,XU£L) 

1  2250  r  EX  ( 4  )=-O.V,EuA*UOB*»»  AVEN*CY?<iPS 

2  2702  COMMON  /HEAD/  COSB, NA VfcNI  .ANSI  (  3)  ,P  ETAL) 

2  jUO  FEX(  ll)=-COMPA*jOb*NAV£NI*CYMPS 

1  3130  FEX(  II  )»-C(UPA*U05*.iAVEN*CYMPS 

2  o  I  SO  FEX(4)=OMEGA*UOB*..AVEN!*CYMPS 

1  3180  FFX(4)=UMtGA*U05*NAVEN*CYMPS 

2  3782  COMMON  /HEAD/  COSB, HAVEN!  ,ANS  1  (  3)  ,EETAD 

2  3860  TH  =  nAV£NI  *SP  A.Cfc 

1  od60  fK-i« A VEN*bpACc 

2  4192  COMMON  /HtAu/  COSB ,NAV£Nt , ANSI (J) ,5£TAD 

4220  &  UNI  T II D* o ,  UN  I  FF*6  ,  UN  I  f  BM*6 ,  UNI  1710*6 
42 30  CHARACT ER  DN AKE *2  I , DN Am E 1 *2  I 
424U  DIMENSION  Dl<AMfc(26) 

4250  DATA DRAM fc/2  DlSriIP/£FF.  DAVE  LENGTH, 

4200  &  2 IH EFFECTIVE  LAVE  LENGTH, 

I  4220  4  UNI  l'NU*o,UNI TF*6,dNITbM*0 

I  4230  CHARACTER  DNAMt*2 I 

I  42  40  DIMENSION  DbAMfc(26) 

I  42 5u  D ATADnA.V.E/2  IHSHIP/i«AVc  LENGTH  , 

1  4260  &  2 1,1. .AVE  LENGTH  , 

2  4502  D/T ADi<A.M£l/2 1 HSHI P  HEADING  / 

2  45jI  OATaUNI THD/OH  DEG.  / 

2  4o02  hRI TFINTAPE4, 92 ) DNAMEI  .UNITHO, ( ANSI (L)  ,L=1,J) 


12.352  6 EC.  80  I/O 
He  ADY 


.  0-12 


APPENDIX  II 


PROGRAM  LISTING  AND  OFFSET  FILES 


0-13 
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LIST 

SPH2G163 


29  DEC  Qf  15=12 


II  I: : :SPM2G163  IS  AN  UPDATE  VERSION  OF  SPC2G162. 

II  t:::THE  FORMER  INCLUDES  THE  EFFECT  OF  NAVE  HEADINGS. 

III  REAL  MUCCQR  JIM.MOMBAR 

111  COHPLEXCO.CYHeS.F£X,FEXi ,CREX 

121  CHARACTERdAY,PRO*6 

125  COMMON  /HEAD/  COSB,UAVENi,ANSl<3> .BETAD 

131  C0HM0NDAY(2),PR0(45,ANS<3,26),IZ,SCALE,NTAPEi,NTAPE2,NTAPE3,NTAPE4 
141  CCMMONPI.CRAV.ro, GAMHA,BPL,XDEL,XI(16ii,Y<16iJ,DST(16i>, 
iS8&QUANT(16i.' . BEEP ( 161 ), DXDX<  161 ), DDDX ( 161 ) .UGT(ibl),0(  161  ),C0(  161), 

16I&U0B. OMEGA, CMEGAE, OKECAR.KAVEN, NSTA, MS 

171  COHHONEPS,F£X(20),FBAR,RH,PHI,HOMBAR,ZBBAR,CSMU 

1BI  C0MM0NCAPx(16i) ,YB(21,41),ZB(2i ,41) .NPTS(iot),MUCC0R,ENC0R,CREX(161),FEXi 
191  DATAISN/l/.NP AGE/O/ 

211  CALLINP  UT <$ 1 , DELV , NUE 1 , 0M1 , DELOM , NWE2) 

211  IZ=I  * 

220  D08NFR=i  .NVIEi 
231  UOB=Vi ♦ ( NFR - 1 ) IDELV 
240  D08IJ1=1,NUE2 
2S0  IZ=IZ+1 

200  OMECAE=OMl+(IJi-i)tDELOM 

270  XX=-2. 04UO64COSB/GRAV 

271  IF1XX.  GT  .  1 . E-6 ) GO  TO  6 

272  OMEGA=OMEGAE 

273  GO  TO  7 

274  6C0NTINUE 

275  DET=1 . 0+2. IIXX40MEGAE 

276  IFIDET.  LT  .0.  )GO  TO  9 

278  OM£GA=(SQRT (DET)-i . )/XX 

279  7C0NTINUE  • 

290  UAVEN=OMEGA»OM£CA/GRAV 

292  MAVEN1=-VAVEN*CQSB 

300  ANS(IZ,2)=2.tPI/ABS(UAVENi) 

310  ANSIIZ  1>=BPL/ANS(IZ.2> 

320  ANSIIZ, 2)=ANSIIZ,2)*SCALE 
330  ANSIIZ  3>=0MECAE/SQRT I SCALE) 

340  ANSI IZ , 4 )=OMEGAR/SQR T ( SCALE ) 

350  ANSI IZ’S)=SQRT (SCALE >*UOB 

352  ANS1<IZ)=BETAD 

360  CALLSPADCR 

370  CALLSPEXCI 

300  CALLSPVIBM 

390  IFIIZ.HE . 3)C0TO8 

410  CALLOUTPUT(ISN,NPAGE> 

410  IZ=I 
420  BCONTINUE 
430  IZ=-IZ 

440  CALLOUTPUT I ISN , NP AGE ) 

442  CO  TO  10 
444  9C0NTINUE 

446  WRITE (NTAPE4 ,91 ) 

447  91F0RMATI//SX,36H0MEGA  IS  UNDEFINED;  CASE  TERMINATES. ,/,14X,20HTRY  ANOTHER 
440&HEADING.) 

449  1ICONTINUE 
458  STOP  6 01 
461  END 

470  SUBR0UTINEINPUTIV1, DELV, NUEi,OMi, DELOM, NUE2) 

400  REALHUCCOR.KM.MOHBAR 

490  COMPLEXCO.CYMPS.FEX.FEXi.CREX 

501  CHARACTER  FILNMI.FILNM2.PR006, DAY, FILNM3 

502  COMMON  /HEAD/  C0SB,UAVEN1, ANSI (3) .BETAD 

511  C0HM0NDAYI2) .PR0I4),ANS(3,26),IZ,SCALE,NTAPE1,NTAPE2,NTAPE3,NTAPE4 
521  CONMONPI,CRAV,RO,GAMMA,BPL,XDEL.XI<161),YU&iJ,DST(161>, 

S386BUANTI 161), BEEPI161). DXDXIi&l), DDDXU61), VGTI161), 0(161), C0(161>, 

S4I&U0B, OMEGA, GNEGAE,OMEGAR,UAVEN, NSTA, HS 

550  COMMOHEPS,F£X(201,FBAR.RM,PHl'MOMBAR,ZBBAR,CSMU 

560  C0MM0NCAPX(161>,YB(21.*l),ZB(2l,41).NPTS(161),MUCC0R,ENC0R,CREX(161),FEXl 
570  rATAPI/3. 1415924536/, GRAV/32. 174/, RO/i . 9384/ 

581  DATANTAPEl/0/,NTAPE2/l/,NTAPE3/2/,NTAPE4/0/ 

591  SCALED.  G-14 

600  DAY(1)=DATE  ^ 

111  DAY(2)=TIME 


bit  lawih=i>kav»ku  1 

631  ykITE(NTAPFi ,94) 

Ml  READfNTAPEl.loOJF’INKi 
659  OPENFILE  NT APE2  .FILfi.-.i 
661  READ (NTAPE2, 100 ITSO 
670  READ(NTAPE2,96)WL,NSTA 
680  NSTA=i6i  _  , 

691  ttS=O.S*NSTA+l 
700  XDEL =BPL/ < NST A- i > 

711  D05I=i|NSTA 
721  5X1(1  )=U-MS)*XDEL 
730  BE AD ( NTAPE2 ,96 > OHEGAR 
740  BEAD(NTAPE2l96)CSMU 

7I0  READ(NfAPE2.101)(QUANT(n)KEP<I)J«CT(I>1CAPX(I),I=l,NSTA,4) 

770  D02iI=S.NSTA,4 
780  D021IK=i,3 

fi  Wf 

li 

870  NN=NSTA— i 

890  2DXDX ( i )=( CAPX ( 1+1>~CAPX(I~ 1) 7/< XDEl+XDEL ) 

900  CLOSEFILE  NTAPE2 
910  WRITEtNTAPEi .95) 

920  BEAD(NTAPEi.(00)FILNM2 
930  OPENFILE  NTApE3,FILNH2 
940  READ4NT APE3 ,90 ) TF , TA , NSTAOF 
950  D08I=1 , NSTAUF 
960  11=441-3 
970  Y.II)=0 

980  READ ( NT  AP  E3 , 97 ) ST  ANO , NON 

nOO^EADfNTAPES^lHZBlJjIK^hNON) 

1010  READ(NTAPE3.91)(YB(J,I) ,J=l,NON) 

1020  T4II >=YB(NON, I) 

1030  8NPTS(I)--N0N’ 

1040  D0889I=5.NSTA,4 
1050  D0888IK=i .3 

1070  t(IXl)=Y(I-4)+.2S*IK*(Y(l)-Y<I-4)) 

1080  888CONTINUE 
1090  CLOSEF1LE  NTAPE3 

i!!! 

1130  IHDELV.NE . 0)NUE1=(V2-V1)/DELV*1 
1140  23URITE(NTAPE1,93) 

1 1 60  READ ( NTAPE 1 , 99 ) OM1 , 0H2 , DELON 

1180  IF ( DELOM . NE . 0 ) HWE2= ( 0H2-0M1 ) /DELOH+1 
1190  IFIOMl  .EQ.O  .  )0M1=0.1EGAR 
1192  WRITE (NTAPE4, 102) 

1194  READ(NTAPEi,i03>  BETAD 
1196  C03B=C0S( PliBETAD/180  0) 

1200  26RETURN  ,  ,,, 

1210  90  FORMAT ( 1X,2F 10 . 3 . IS> 

a  flffltnift&bii 

l!Si  ISt'KIx:®!;  mi;  riu »«> 

1260  95F0RHAT ( IX ,21H0FFStT  DATA  FILE  NAME) 

1270  96FORMAT(Fl0 .4.15) 

1285  98F0R M StT IX , ^ 6H0Ul|uT  FILENAME) 

1290  99F0RMAT(FS.3,1X,F5.3,1XIFS.3> 

1300  1  OOF  CRMAT ( AA6) 

1310  1MFORMAT(4F10 .4) 

1311  lli2F0RMAT(iX.7HHEADlNG> 

1312  103FORKAT  CF10 . 0) 

1320  END 

1330  SUtROUTINESPADCR 

1340  REALrtUCCFjR  KM.MOMBAR 

1350  C0KPLEXC0,CYMPS,FEX,FEX1,CREX 


0-15 


IS)  r\s 
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2151  2C0(I ) = BEEP (I )*CAPX( I XCEXP (CREX<I>> 

2161  CALLSPCOMP  (HAVEN. CYMPS.  CO,  i,N,  XDEL) 

2171  FEX(2)=C0MPA40MECA*CYMPS 
2190  FEX(S>=C0MPA»U0B»UAVEN1*CYMPS 
2201  D03I=i,N 

221 0  3C0  ( I  >  =8U  ANT  (I )  *CAP  X  ( I )  ICEXP  ( CREX  ( I ) ) 

2220  CALLSPCOMP (HAVEN .CYMPS, CO, l,N,XDEl) 

2230  FEX(3)s-0MEGA*DMEGA4CYnPS 
2250  FEX(4)=-OMEGA*U06*UAVEN1*CYMPS 
2260  D04I=i,N 

2270  4C0( I )  =ODANT ( I )>DXDX< I ItCEXP  (CREX(  1 )) 

2280  CALLSPCOMP (HAVEN. CYMPS, CO, 1,N, XDEL) 

2290  FEX(6)=COMPA*OMEuAIUOBiCYnPS 
2300  DOSM.N 

2310  SCO(  I  > -QUANT  ( I )  ICAPX<  I >  OCEXP  ( CREX  ( I  >  >*DDDX  ( 1 ) 

2320  CALLSPCOMP  (  HAVEN ,CYMP  S,  CO,  1 ,  N ,  XDEL ) 

2330  F£X<7)=-COHPA<OMEGA*UOf*UAVENiCYMPS 
2340  0061=1, N 

23S8  6C0< I )  =BEEP ( I)»DXDX ( IUCEXP ( CREX ( I ) ) 

2360  CALLSPCOMP (HAVEN, CYMPS, CO, 1 , N, XDEL ) 

2370  FEX(B)=U0B*CYMPS 
2380  D07I=1,N 

2390  7C0(  I )  =»£EP  ( I ) ICAPX  ( I ) OCEXP  (CREX  ( I )  )*DDDX ( I ) 

2400  CALLSPCOMP (HAVEN , CYMPS , CO , 1 , N, XDEL ) 

2410  FEX(9)=-HAVEN*U0MCYMPS 

2420  FEX(10)=QUANT(N)*CAPX(N)»CEXP(CREX(N>) 

2430  FEX( 10)=FEX( 10 ) -QUANT ( 1 ) tCAPX< 1 )*CEXP (CREX (1)1 
2440  FEX(iO)=-COMPA*OMECA*UOB*FEX<iO) 

24S0  F£X(11)=BEEP(N)*CAPX<N>ICEXP(CREX<N)) 

2460  FEX(  11 )=-UOB*(FEX( 11 ) -BEEP ( 1 )*CAPX( 1 ) OCEXP (CREX( 1 ) ) ) 

2470  FEX1=FEX(1) 

2480  D09J=2.1i 
2490  9FEX1=FEX1-»FEX(J> 

2S00  EPS=SPANGL(AIMAG(FEX1 ) ,REAL ( FEX1 ) ) 

2S10  FBAR=CABS(FEXi) 

2520  ALP  1=0MEGAE*ENC0R  /  (OMEGAR  0020MUCCQR ) 

2S30  ALP2=1.0-(0MEGAE/OMEGAR)OO2 
2540  XM=SQRT(ALP2002+ALP1002) 

25S0  KM=1 . 0000/KM 

2560  PHI=SPANGL(ALP1  ,ALP2) 

2570  ZBBAR=XM0FBAR/(6meGAR0020MUCC0R ) 

2580  ANS(IZ,15)=PHI 

2590  ANSIIZ  16)=KM 

2600  ANSIIZ  17)=SCALE0030REAL(FEXi) 

2610  ANS(IZ  18)=SCALE0»30AIMAC(FEX1> 

2620  ANSdZ  19)=SCALE0I30FBAR 
2630  ANSdZ, 20 >=EPS 
2640  ANSdZ  21)=SCALE0ZBBAR 
2650  RETURN 
2660  END 

2670  SUBROUTINESPVIBM 
2680  REALMUCCOR.KM.MOHBAR 

2690  COMPLEXCO,tYHrS,FEX,ABCOP(3) , MOM, COMPA, CREX, CEI1 

2700  CHARACTER  DAY,PR006 

2702  COMMON  /HEAD/  COSR, HAVEN!, ANSI (3). BETAD 

2710  COMMONDAY(2),PRO(4),ANS<3. 26). iZ, SCALE, NTAPE1,NTAPE2,NTAPE3,NTAPE4 
2720  COMMON? I ,GRAV,RO, GAMMA, BPL,XDEL,XI(161),Y(161),DST<i41), 
27304QUANT(161),BESf'(l61).DXDX(  161),  DDDX(  161  ),UGT(l6l>,  0(161),  C0(161) 

27404,  (JOB,  OMEGA.  OMEGAE, OMEGAR, UAVtNjNSTA, MS,  EPS,  FEX(20), 

2750 4FBAR ’ XM , P H 1 , HOHBAR , Z BB AR  CSMU 

2760  CQMMONCAPXtl61),YB(21,4l},ZB(2i,4i),NPTS(161),MUCCOR,ENCOR,CREX{161),FEXl 
2770  COMPA=CMPLX(0. ,1 . ) 

2780  N=MS 

2790  EPS1=PHI-EPS 

2800  CEI1=CEXP (C0MPA4EPS1 ) 

2810  D01I=1,N 

2820  10(I)=t(I)1CAPX(I)1XI(I> 

2830  FEX(12)=CEIl*2.*GAMMA*S141(0,i,N,XDEL) 

2840  D02I=1,N 

2850  20(1 )=(UGT ( I ) +QUANT ( I ) > tCAPX ( 1 ) IXI ( I ) 

2e60  FEX(14)=-CEIl*0MEGAE*0MEGAEtS141(0,l,N,XDEL) 

2870  D03I=1,N 

2880  30( I )=BEEP ( I > 1CAPXII ) IXI ( I ) 

2890  FEX(13)=CEIl»COMPA*OMEGAE*Si41 (0,1, N, XDEL) 

2900  D=-OnEGAE*UOB*<QUANT(N>*CAPX<N>*XI(N)-QUANT(l>ICAPX(l)»XI(l>) 

2910  FEX(18)=C0MPAtCFIlXD 

2"2D  FEX(15)=-CEI1IU0B*(BEEP(N)4CAPX(N)6XI(H)-BEEP(1)*CAPX(1)1XI(1)> 

2930  DQ4I=1,N 

2940  40(1)  =8'JANT  ( I  )4X I  (I )  JDXDX  ( I ) 

29S0  FEX(20)=CEI1*COHPA*OMEGAE4UOBIS141 (0,1 ,N, XDEL) 

’  G-17 


n-5 

sof I) =(|EEP ( n *x I ( n *i>xox < i >  ^ 

FEX(17)=CEIl*U:)B*S14i<0,i,N,XDEl) 

FEX( 1? ) =CEI1 JcONP A*QHEGAE$UQBtSl 41 <0, 1 #  M, XDEL ) 

0Q7I=t,N 

FEX(1)=-2.»GANHAICYMPS 

StoinSKEEnmninttOTiciEiji)) 

FEX ! i i > =-CONP AlUOMWAVENl 4CYHPS 

i§CO(  I I--QUANT  ( I  >*XI  ( I  >*CEXP  <CR£X(I  >  > 

'“L> 

FEX(4>  =OMEGA*UOB*WAVENi  JUMPS 

FD((II*COMP  A*0HEGA#U0BI(FEX(5)-QUANT  ( 1  )*XI  ( i  XCEXP  (CREX( 1) ) ) 
iiCO<I>=QUANT < I >*CEXP (CREX ( I > > 

1^0(I)4aNT(I)*XI<I)*CEXP(CREX(1))*MI)X(1> 

ill sspm™ 

iili^li5S!^i!8885^<oa<i»)> 

14C0 ( I >  =PEEP  < I ) *x I ( I ) *CEXP ( CREX C I) ) *DDDX ( I > 

CAILSPCONP (HAVEN. CYMPS, CO, l,N,XDEl> 

FEX(10)=HAVENIUO(i*CYNPS 

C0(10)=(0.,0.) 

EPS2=SP ANGL < A IHAG^CO ( 1 0 ) > , REAL (C0( 1 0  > ) ) 

HOH=CO(iO)*ZBBAR 

MOKBAR=CABS(MOH) 

ANiilZ'jjI'SCAlEtmREAKHOH) 

ANS( IZ ,24) =SCALE»*3*AIHAG< MOM) 

ANSIIZ  25)=SCALE*»3*M0HBAR 

ANS(IZ  26>=EPS2 

RETURN 

END 

FUNCTI0NS14K0.N1  ,N2,ADEL) 

PIrtENSIONOX 161 > 

SYHPS=(0(NiH0(N2)) 

N0P=N2-1 
HEP=Ni+i  „ 

D011=NEP,NOP 
SYNPS=SYnPS+2 .10(1) 

1B=~B 

S141 -SYKP  S* . 54 ADEL 

RETURN 

PND 

FUNCTIONS? AMGL(YDUH.XDUM) 

IF CF EEDUMALT 1 0° 0 >(^EEDUM=6  2B3185+FEEDUN 

SPANGL=FEEDUH 

RETURN 

END 

FUNCTIONSPEXEN(OrtECAR  ,CSNU) 

0  DAI  AC/50  9S84834ES/,D;i.714?7SS4S4/ 

1HCSMULT  1  E-10)CSHUT=(OfiEGAR/C)«D 
SPEXEN-CSHUT 

RETURN  lfl 

END 


1 1-7 

4512  DATADNAHE1/21HUAVE  HEADING  / 

4510  DATAUNITAG/6H  RAD.  /.UNITL/6H  FEET  /.UNITFQ/6H1/SEC./, 
45204  UNITVL/6HFT/SEC/.UNITH/6H  SLUGS/ ,UNiTND/6HNQN-D./, 

45304  UNITF/6H  LBS.  /.UN1TBH/6HFT-LBS/ 

4531  DATAUNITHD/6H  DEC.  / 

4540  1NDEX=1 

4550  1F(J.LE.0)INDEX=0 

4560  1F( ISN .  E9 .  -1 . AND . J . EQ . 0  >GDT02 

4570  ]F(J.E0.l)C0TO3 

4580  IFdSN.NE.'DGOTOl 

4590  IF(J.LT.O)INDEX=-i 

4610  NPAGE=NPAGE+1  * 

4610  WRITE(NTAPE4.91)PR0,DAY<i),DAY(2>,NPAGE 
4620  1WRITE(NTAPe4,89) 

4630  J=IA8S(J) 

4640  WR I TE  <  NT AP  E4 , 92 ) DNAHE (  1) ,UNITND, (ANStL,  1>,L=1,J> 

4650  WRITE* NT APE4, 92) DNAHE <  2)  UNITL  (ANStL  2)  L=1.J> 

4660  WRITE (NTAPE4, 92) DNAHE (  3>,UNITFQ, (ANStL,  3)  L=i  J) 

4670  WRITE(NTAPE4,92)DNAHE<  4)  UNITFQ  (ANStL  4)  L=1  J) 

4680  WRITE* NT APE4 ,92 ) DNAHE (  5)  UNITVL  (ANS(L,  5)  L=i  J) 

4682  WRITE (NTAPE4,92)DNAHE1  UNITHD  (ANSl(L)  .L=1,J) 

4690  WRITE(NTAPE4,93)DNAHE(  6), UNITH  ,<ANS(L,  6)  L=1  J) 

4700  WRITE (NTAPE4, 93 )DNAHE(  7)  UNITH  (ANS(L  7)  L=i  J) 

4710  WRITE(NTAPE4  93)DNAHE<  8)  UNITH  , (ANStL  8)  L=1  J) 

4720  WRITE(NTAPE4,93)DNAHE(  9)  UNITH  (ANStL  9)  L=1  J) 

4730  WRITE (NTAPE4, 94 )DNAHE( 10), UNITH  (ANStL  10)  L=1  J) 

4740  WRITE (NTAPE4 ; 94 ) DNAHE (11)  UNITH  (ANStL  11)  L=1  J) 

4750  WRITE(NTAPE4,94)DNAHE( 12)  UNITH  , (ANStL  12)  L=1  J) 

4760  WRITE < HTAPE4 , 94 > DNAHE< 13) .UNITH  (ANStL  13)  L=1  J) 

4770  WRITE (NTAPE4, 92) DNAHE ( 14 ), UNI TFQ, (ANStL, 14), L=1,J) 

4780  WRITE(NTAPE4,92)DNAHE(1S>  UNITAG  (ANStL  IS)  L=1  J) 

4790  WRITE (NTAPE4, 93) DNAHE ( 16 ),UNITHD, (ANStL ! 16) !l=1,J) 

4800  WRITE(NTAPE4,93)DNAH£(17)  UNITF  , (ANStL, 17),L=l!j) 

4810  WRITE(NTAPE4,93)DNAHE( 18) .UNITF  I (ANSIL ,18) ,L=1 , J> 

4820  WR I TE ( NT APE4 , 93 ) DNAHE ( 19)  UNITF  (ANStL  19)  L=1  J) 

4830  URITE(NTAPE4,92)DNAHE(20)  UNITAG  (ANStL  20)  L=1  J) 

4840  WRITE (NTAPE4,93) DNAHE ( 21 ), UNITL  (ANStL  21)  L=1  J) 

:B50  WRITE(NTAPE4,92)DNAHE<22>  UNITAG  (ANStL, 22>,L=1,J> 

4860  WRITE(NTAPE4,93)DNAHE(23), UNITF  , (ANStL  23)  L=1,J) 

4870  WRITE(NTAPE4  93)DNAH£(24>  UNITF  (ANStL  24)  L=1J> 

48S0  WRITE ( NT APE4 , 93) DNAHE < 25 ) , UNITF  (ANStL  25)  L=1J) 

4890  WRITE(NTAPE4,92)DNAHE(26)  UNITAG  (ANStL  26)  L=1  j) 

4900  ISN=-ISN  '  '  '  ' 

4910  5IF(INDEX)2.3,4 
4920  2WRITE(NTAPE4,95) 

4930  3URITE(NTAPE4  96) 

4940  4RETURN 
4950  89F0RMAT  <//) 

4960  91FORHAT(/////,10(lH-),//,2X,5HSPH2Z,3X,4A6,5X,A8,4X,A8,5X, 
49706  4HPAGE.I3,/)  '  '  '''''' 

4980  92F0RMAT (1X,A21,1H(, A6, 1H > , 4X , 3F 12.3) 

4990  93F0RhAT( IX  A21  1H(  A6  1H),4X  1P3E12. 4) 

5000  94F0RHAT(1X,A21,1H(,A6,4H/SEC,1H),1P3E12.4> 

5010  95F0RHAT ( 28 (/ > ) 

5020  96FORMAT(3(/),10(lH-),S(/>> 

5030  END 
READY 
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27.00000  27.00000  41 

11.0000  9 

-4.10001  -3.63300  -3  16701  -2.70000  -2.23300  -1.76700  .00001 

.00000  -1,30000 

.00000  4.58700  9.17400  13.76100  18.34801  22.93500  40.96001 

31.00806  27.52200 
9.750®  19 

-27.00000  -27.00000  -26.00000  -22.33299  -18.66699  -15.00000  -10.64999 
-6.30000  -5.88699  -5.47501  -5.06200  -4.64999  -4.23700  -3.82500 
-3.41200  -3.00000  -2.00000  -1.30000  .00000 

.00000  4.70000  5.60000  6.36700  7.13300  7.90000  7.95000 

8.00000  12.42500  16.85001  21.27499  25.70000  30.12500  34.55000 
38.97501  43.39999  45.70000  46.33000  46.83488 
9.5000  21 

-27.00000  -27.00000  -27.00000  -26.00000  -21.53299  -17.06699  -12.60000 
-12.15000  -11.70000  -11.25000  -10.80000  -10.35001  -9.89999  -9.45000 
-9.00000  -8.00000  -7.00000  -6.00000  -5.00000  -1.30000  .00000 

.00000  3.50000  7.00000  8.00000  8.00000  8.00000  8.00000 

12.81200  17.62500  22.43700  27.25000  32.06200  36.87500  41.60700 

46.50000  48.60001  49.50000  50.20000  50.60001  50.87399  51.00537 

9.2500  21  I 

-27.00000  -27.00000  -26.00000  -23.50000  -21.00000  -2ft. 66699  -20.33299 

,  -20.00000  -19.66699  -19.33299  -19.00000  -18.66699  -18.33299  -18.00000 

I  -17.00000  -16.00000  -15.00000  -10.43300  -5.86700  -1.30000  .00000 

1  .00000  7.00000  8.00000  8.00000  8.00000  12.44400  16.88901 

21.33299  25.77800  30.22200  34.66701  39.11099  43.5S600  48.00000 

51.50000  51.60001  52.30200  52.30200  52.30200  52.30200  52.33961 

9.0000  21 

-27.00000  -26.86000  -26.71999  -26.5/999  -26.43999  -26.29999  -26.15999 
-26.01999  -25.87999  -25.73999  -25.59999  -25.00000  -24.00000  -23.00000 
-27.00000  -21.00000  -16.07500  -11.15000  -6.22501  -1.30000  .00000 

.00000  4.80000  9.60000  14.40000  19.20000  24.00000  28.80000 

33.60001  38.39999  43.20000  48.00000  50.10001  51.20000  51.80000 
52.00000  52.30200  52.30200  52.30200  52.30200  52.30200  52.33961 

8.7500  21 

-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000 
-27.00000  -27.00000  -27.00000  -27.00000  -26.00000  -2S. 00000  -24.00000 
-23.00000  -18.65999  -14.32000  -9.98000  -5.64000  -1.30000  .00000 

.00000  4.70000  9.40000  14.10000  18.80000  23.50000  28.20000 

32.89999  37.60001  42.30000  47.00000  50.00000  51.00000  51.60001 

52.30200  52.30200  52.30200  52.30200  52.30200  52.30200  52.33961 
„  8.5000  20 

*  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000 
-27.00000  -27.00000  -27.00000  -27.00000  -26.00000  -25.00000  -24.00000 
-19.45999  -14.92000  -10.38000  -5.84000  -1.30000  .00000 

.00000  4.90000  9.80000  14.70000  19.60001  24.50000  29.39999 

34.30000  39.20000  44.10001  49.00000  51.39999  52.00000  52.302C0 

52.30200  52.30200  52.30200  52.30200  52.30200  52.33961 

8.2500  20 

-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000 
,  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -26.50000  -26.00000 
-21.06000  -16  12000  -11.18000  -6.24001  -1.30000'  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32. 45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200  52.30200  52.33961 

8.0000  20 

-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000 
-27.00000  -27.00000  -27.00000  -27. 00000  -27.00000  -26.50000  -26.00000 
-21.06000  -16.12000  -11.18000  -6  24001  -1.30000  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200  52.30200  52.33961 

7.7500  20 

-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000 
-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -26.50000  -26.00000 
-21.06000  -16.12000  -11.18000  -6.24001  -1.30000  .00000 

.00000  4.63600  9.27300  13.90500  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  57. 30200  52.33200  52.33961 

7.SOOO  20 

-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000 
-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -26.50000  -26.00000 
-21.06000  -16.12000  -11  18000  -6.24001  -1  30000  .00000 

.00000  463600  9.27300  13.90900  18.54500  23.18201  2781799 

32.45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52  30200  52.30200  52.30200  52.30200  52.33961 

G-21 


7.2500  20 

-27.00000  -27.00000 


-27.00000  -27.00000  -27.00000  -27.00000 
-21.06000  -16.12000  -11.18000  -6.24001 
.00000  4.63600  9.27300  13.90900 

32.45500  37.09100  41.72701  46.36400 
S2.30200  52. 30200  52.30200  52.30200 
7.0030 
-27.00000 


■27.00000  -27.00000  -27.00000  -27.00000  -27.00000 


-27.00000  -26.50000  -26.00000 


-1.30000 

18.54500 

51.00000 

52.30200 


.00000 

23.18201 

51.80001 

52.33961 


27.81799 

52.30200 


-27.00000  -27.00000  -27.00000 
-27.00000  -27.00000  -27.00000 
-21.06000  -16.12000  -11.18000 
.10000  4.63600  9.27300 

32.45500  37.09100  41.72701 
52.30200  52.30200  52.30200 
4.7500  20 

-27.00000  -27.00000  -27.00000 
-27.00000  -27.0000 
-21.06000  -16.1200 


-27.00000  -27.00000  -27.00000  -27.00000 
-27.00000  -27.00000  -26.50000  -26.00000 
-6.24001  -1.30000  .00001 

13.90900  18.54500  23.18201  27.81799 
46.36400  51.00000  51.80000  52.30201 
52.30200  52.30200  52.33961 


.00000 

32.4SS00 

52.30200 

6.S000 

-27.00000 


4.63600  9 

37.09100  41 
52.30200  52 

20 

•27.00000  -27 


-27.00000  -27.00000  -27.00000  -27.00000  -27.00000 

-27.00000  -27.00000  -27.00000  -26.50000  -26.00000 

-11.18000  -6.24001  -1.30000  .00000 

9.27300  13.90900  18. 54500  23.18201  27.81799 

41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.33961 


-27.00000  -27.00000  -27.00000 


-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -26.50000 


-21.06000  -16.12000 
.00000  4.63601 

32.45500  37.09100 
52.30200  52.30200 
6.2509  20 

-27.00000  -27.00000 
-27.00000  -27.00000 


16.12000  -11.18000 
4.63601  9.27300 


37.09100  41.72701 
52.30200  52.30200 

20 

27.00000  -27.00000 


-6.24001 

13.90900 

46.36400 

52.30200 


-1.30000 

18.54500 

51.00000 

52.30200 


.00000 

23.18201 

51.80000 

52.33961 


-27.00000 

-26.00000 

27.81799 

52.30200 


-21.06000 

.00000 

32.45500 

52.30200 

4.0000 


-16.12000  -11.18000 
4.63600  9.27300 


37.09100 

52.30200 

21 


■27.00000  -27.00000  -27.00000  -27.00000  -27.00000 
27.00000  -27.00000  -27.00000  -26.50000  -26.00000 
11.18000  -6.241  -1.30000  .00000 

9.27300  13.90900  18.54500  23.18201  27.81799 
41.72701  46.36400  51.00000  51.80000  52.30200 
52.30200  S2. 30200  52.30200  52.33961 


46.36400 

52.30200 


23.18201 

51.80000 

52.33961 


27.81799 

52.30200 


-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000 


-27.00000-27.00000  -27.00000  -27.00000 
-21.96000  -16.12000  -11.18000  -6.24001 
.00000  4.63600  9.27300  13.90900 

32.4SS00  37.09100  41.72701  46.36400 
52.30200  52.30200  S2 .30200  52.30200 
5.7500  20 


-27.00000  -26.50000 


-1.30000 

18.54500 

51.00000 

52.30200 


.00000 

23.18201 

51.80000 

52.33961 


-27.00000 

-26.00000 

27.81799 

52.30200 


-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27  00000 


-27.00000  -27.00000  -27 . 00000  -27  00000 
-21.06000  -16.12000  -11.18000  -6.24001 
.00000  4.63601  9.27300  13.90900 

32.45500  37.09100  41.72701  46.36400 
52.30200  52.30200  52.30200  52.30200 


-27.00000  -26.50000  -26.00000 


.00000 

32.4SS00 

52.30200 

5.5000 

-27.00000 

-27.00000 


-1.30000 

4.63601  9.27300  13.90900  IB. 54500  23.18201  27.81799 

37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200  52.33961 

20 

-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000 
-27.00000  -27.00000  -27.OOC0O  -27.00000  -26.50000  -26.00000 


.00000 

23.18201 

51.60000 

52.33961 


27.81799 

52.30200 


-21.06000  -16.12000  -11.18000 


.00000  4. 

32.45500  37. 
52.30200  52- 
5.2500  20 

-27.00000  -27. 
-27.00000  -27. 
-21.06000  -16. 


4.63600 

37.09100 

52:30200 

29 


9.27300 

41.72701 

52.30200 


-6.24001 

13.90900 

46.36400 

52.30200 


-1.30000 

18.S4S00 

51.00000 

52.30200 


.00000 
23  18201 
51.80000 
52.33961 


27.81799 

52.30200 


27.00000  -27.00000  -27.00000 

27.00000  -27.00000  -27.00000 

16.12000  -11.16000  -6.24001 

4.63600  927300  13.90900  18.54500  23.18201  27. 

37.09100  41.72701  46.36400  51.00000  51.80000  52. 

52.30200  52.30200  52.30200  52.30200  52.33961 

20 

27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27. 

27.00000  -27.00000  -27.00000  -27.00000  -26.50000  -26. 

16.12000  -11.18000  -6.24001  -1.30000  .00000 

4.63600  9.27300  13.90900  18.54500  23.19201  27. 

37.09100  41.72701  46.36400  51.00000  51.80800  52. 

52.30200  52.30200  52.30200  52. 30200  52.33961 


27.00000  -27.00000 
27.00000  -27.00000 


32.4SS00  37.09100  41.72701 
52.30200  52.30200  52.30200 
5.0000  20 

-27.00000  -27.00000  -27.00000 
-27.00000  -27.00000  -27.00000 
-21.06000  -16.12000  -11.18000 


-1.30000 

18.54500 

51.00000 

52.30200 


-27.00000  -27.00000 
-26.50000  -26.00000 


.00000 

23.18201 

51.80000 

52.33961 


27.81799 

52.30200 


.00000  4.63600  9.27300 

32.45500  37.09100  41.72701 
52.30200  52.30200  52.30200 
4.7500  20 

-27.00000  -27.00000  -27.00000 
-27.00000  -27.00000  -27.00000 
-21.06000  -16.12000  -11,16000 
.00000  4.63600  9.27300 

32.45500  37.09100  41.72701 
52.30200  52.30200  52.30200 


26  50000  -26.00000 
.00000 


23.19201 

51.80800 

52.33961 


27.81799 

52.30200 


27.00000  -27.00000  -27.00000  -27.00000  -27.00000 

27.00000  -27.00000  -27.00000  -26.50000  -26.00000 

11.16000  -6.24001  -1.30000  .00000 

9.27300  13.90900  18.54500  23.16201  27.81799 

41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30209  52.30200  S2.33°61 


G-22 


11-10 


4.5901 

-27.10*0* 
*27. IStSS 
-21.06003 
.10000 

32.45500 
52.30200 

4.2SII 

-27.19900 

-27.00000 

-21.16000 

.00000 

32.45500 
52.30200 

4.0000 

-27.00000 

-27.00000 

-21.06000 

.01000 

32.45500 
52.30200 

17501 
-27.00000 
-27.00000 
-21.16000 
.00000 
32.45500 
52. 30200 
3.5001 
-27.10100 
-27.00000 
-21.16000 
.00000 
32.45500 
52.31200 
3.2501 
-27.00000 
-27.00000 
-21.16000 
.00000 
32.45500 
52.30200 
3.0000 
-27.00000 
-27.00000 
-21.06100 
.10010 
32.45500 
52.30200 
2.7500 
-27.00000  ■ 
-27.00000  • 
-21.16000  • 
.00000 
32.45500 
52.30200 
2.5000 
-27.00000  ■ 
-27.00000  ■ 
-21.06000  • 
.11000 
32.45500 
52.30200 
2.2500 
-27.10000  - 
-27.00000  ■ 
-21.06000  - 
.00000 
32.45500 
52.30200 


21 

-27.00000 

-27.00000 

-16.12000 

4.63601 

37.19101 

52.30200 

-27?I000I 

-27.00000 

-16.12000 

4.63601 

37.09100 

52.30200 
20  “ 

-27.00000 

-27.00000 

-16.12000 

4.63601 

37.09100 

52.30201 
20 

-27.00001 

-27.00000 

-16.12000 

4.63600 

37.19101 

52.30200 

20 

-27.00000 

-27.00000 

-16.12000 

4.63600 

37.09100 

52.30200 

21 

-27.00000 

-27.000U0 

-16.12000 

4.63600 

37.09100 

52.30200 

21 

-27.00000 

-27.00000 

-16.12000 

4.63600 

37.09101 

52.30200 

20 

-27.00000  ■ 
-27.00000  - 
-16.12000  ■ 

4.63600 
37.09100 

52.30200 

20 

-27.10000  ■ 
-27.00000  ■ 
-16.12000  ■ 

4.63601 
37.09100 

52.30200 

21 

-27.00000  ■ 
-27.00000  - 
-16.12000  ■ 

4.63600 
37.09100 

52.30200 


-27.00000  -27.00000  -27.00000  -27.00000  -27.00000 
-27.00000  -27.00000  -27.00000  -26.50000  -26.00000 
-11.18000  -6.24001  -1.30000  .00000 

9.27300  13.90900  18.54500  23.18201  27.81799 
41 ,727vl  46.36400  SI. 00000  51.80000  52.30200 
52.30200  52.30200  S2.30200  52.33961 


-27.01000 

-27.00000 

-11.18000 

9.27300 

41.72701 

52.30200 

-27.00000 

-27.00000 

-11.18000 

9.27300 

41.72701 

52.30200 

-27.00000  • 
-27.00000  ■ 
-11.18000 
9.27300 
41.72701 
52.30200 


-27.00000 

■27.00000 

-6.24001 

13.90900 

46.36400 

52.30200 


-27.00000 

-27.00000 

-1.31000 

18.54500 

51.00000 

52.30200 


-27.00000  -27.00000 
-27.00000  -27.00000 
-6.241  -1.30000 
13.90900  18.54500 
46.36400  51.00000 
52.30200  52.30200 


-27.00000 

-27.00000 

-6.24001 

13.90900 

46.36400 

52.30200 


■27.00000  -27.00000 
■27.00000  -27.00000 
-11.18000  -6.24001 
9.27300  13.90900 
41.72701  46.36400 
52.30200  52.30200 


-27.00000 

-27.00000 

-1.30000 

18.54500 

51.00000 

52.30200 

-27,00000 

-27.00000 

-1.30000 

18.54500 

51.00000 

52.30200 


-27.00000 

-26.50000 

.00001 

23.18201 

51.80000 

52.33961 

-27.00000 

-26.50000 

.00000 

23.18201 

51.80000 

52.33961 

-27.00000 

-26.50000 

.00000 

23.18201 

51.80000 

52.33961 

-27.00000 
-26  50000 
.00000 

23.18201 

51.80000 

52.33961 


-27.00000 

-26.00000 

27.81799 

52.34200 


-27.00000 

-26.00000 

27.81799 

52.30200 


-27.00000 

-26.00000 

27.81799 

52.30200 


-27.00000 

-26.00000 

27.81799 

52.30200 


-27.00000  -27.00000  -27.00000  -27.00000  -27.00000 

-27.00000  -27.00000  -27.00000  -26.50000  -26.00000 

-11.18000  -6.24001  -1  30000  .00000 

9.270  13.90900  18.54500  23.18201  27.81799 
41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.33961 


-27.00000 

-27.06000 

-11.18000 

9.27300 

41.72701 

52.30200 

-27.00000 

-27.00000 

-11.18000 

9.27300 

41.72701 

52.30200 

■27.00000 

•27.00000 

-11.18000 

9.27300 

41.72701 

52.30200 

27.00000 

-27.00000 

11.18000 

9.27300 

41.72701 

52.30200 


-27.00000 

-27.00000 

-6.24001 

13.90900 

46.36400 

52.30200 

-27.00000 

-27.00000 

-6.24001 

13.90900 

46.36400 

52.30200 

-27.00000 

-27.00000 

-6.24001 

13.90900 

46.36400 

52.30200 

-27.00000 

-27.00000 

-6.24001 

13.90900 

46.36400 

52.30200 


-27.00000 

-27.00000 

-1.30000 

18.54500 

51.00000 

52.30200 

-27.00000 

-27.00000 

-1.30000 

18.54500 
51.00000 

52.30200 

-27.00000 

-27.00000 

-1.30000 

18.54500 
51 .00006 

52.30200 

-27.00000 

-27.00000 

-1.30000 

18.54500 
51.00000 
52.36200 


-27.00000 

-26.50000 

.00000 

23.18201 

51.80000 

52.33961 

-27.00000 

-26.50000 

.00000 

23.18201 

51.80000 

52.33961 

-27.00000 

-26.50000 

.00000 

23.18201 

51.80000 

52.33961 

-27.00000 
-26.50000 
.00000 

23.18201 

51.80000 
52  33961 


-27.00000 

-26.00000 

27.81799 

52.30200 


-27.00000 

-26.00000 

27.81799 

52.30200 


-27.00000 

-26.00000 

27.81799 

52.30200 


-27.00000 
-26  00000 

27.81799 

52.30200 


0-23 
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2.0006  21 

-27.80000  -27.80000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00008 

-27.00000  -27.80000  -27.00000  -27.00000  -27.00000  -26.50000  -26.00000 

-21.06000  -16.12000  -11.18000  -6.24001  -1.30000  .00008 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.89100  41.72701  46.36400  51.00000  51.80000  52.30200 

S2. 39200  52.30200  52.30200  52.30200  52.30200  52.33397 

1,7500  20 

-27.40000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00001 

-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -26.50000  -26.00000 

-21.06000  -16.12000  -11.18000  -6.24001  -1.30000  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200  52.30200  52.33397 

1.5008  21 

-27.00000  -27.10000  -27.00000  -27.00000  -27.00000  -27.00000  -27.00008 

-27.00000  -27.00000  -27.00000  -27.00000  -27.00000  -26.SOOOO  -26.000.00 

-2S. 10000  -20.25999  -15.52000  -10.78000  -6.03999  -1.30000  .00000 

.00000  4.54500  9.09100  13.63600  18.18201  22.72701  27.27299 

31.81799  36.36400  40.90900  45.45500  50.00000  51.20000  51.50000 

52.30200  $2.30200  52.31208  52.30200  52.30200  52.30200  52.33397 

1.2500  21 

-27.00000  -27.00000  -27.00000  -27.08000  -27.00000  -27.30000  -27.00000 

-27.00000  -27.00000  -27.00000  -26.00000  -25.00000  -24.00000  -23.00000 

-22.00000  -17.85999  -13.72000  -9.58000  -5.44000  -1.30000  .00000 

.00000  5.33300  10.66700  16.00000  21.33299  26.66701  32.00000 

37.33299  42.66701  48.00000  50.00000  SO .80000  51.30000  51.80000 

52.30200  52.30208  S2. 30200  52.30200  52.30200  52.30200  52.33397 

1.0000  21 

-27.00000  -27.00000  -27.00000  -27.00000  -27  00000  -27.00000  -27.90000 

-27.00000  -27.00000  -27.00000  -26.50000  -26.00000  -25.00000  -23.00000 

-21.00000  -18.00000  -15.00000  -10.43300  -5.86700  -1.30000  .00000 

.00000  488900  9.77800  14.66700  19.55600  24.44400  29.33299 

34.22200  39.11099  44.00000  47.20000  47.30000  49.50000  49.70000 

58.60001  51.50000  52.30200  52.30200  52.30200  52.30200  52.33397 

.7500  21 

-27.00000  -27.00000  -27.00008  -27.00000  -27.00000  -27.00000  -27.00000 

-27.00000  -27.00000  -26.50000  -26.00000  -25.00000  -23.00000  -21.00000 

-18.00000  -15.00000  -12.00000  -9.00000  -6.80000  -1.30000  .00000 

.00000  4.75000  9.50000  14.25000  19.00000  23.75000  28.50000 

33.25000  38.00000  40.00000  41  00000  42.50300  44.60001  46.20000 

48.00000  49.00000  49.80000  50.25000  50.70000  51.11800  51.21602 

.5000  20 

-27.00000  -27.00000  -27  00000  -27.00000  -27.00000  -27.00000  -27.00000 

-26.50000  -26.00000  -25. 00000  -23.00000  -21.00003  -18.00000  -!S. 00000 

-12.00000  -9.00000  -6.00000  -3.00000  -1.30000  .00000 

.00000  4.33300  8.66700  13.00000  17.33299  21.66701  26.00000 

29.00000  30.30000  32 . 00000  34.60001  36.50000  38.B9999  40.60001 

41.70000  42.80000  43.55000  44.30000  .44.57201  44.77441 

.2505  8 

-27.00000  -27.00000  -24.00008  -18.00000  -12.00000  -6.00000  -1.30000 
.00000 

.00000  9.96000  17.98000  23.30000  25.70000  27.30000  28.30001 

28.55107 


.0000  3 


-1.25000  -.39200  . 00000 


.00000  1.70000  2.60277 


READY 


11-12 


0FC02  29  SEC  81  14=47 


18.01100 

.0000 

24.9SOO 

-21.16875 

-.46875 

.00000 

8.00000 

49.8999 

-21.08749 

-6.23749 

-3.08749 

.00000 

12.81200 

46.50000 

74.8501 

-21.00624 

-14.00624 


21.25000 

II 

-21.1687S 

-.05574 

4.70000 

12.42500 

19 

-21.08749 

-5.78749 

-2.08749 

3.50000 

17.62500 

48.60001 

19 

-21.00624 

-13.67324 


-20.16875 

.00000 

5.60000 

13.02369 

-21 . 08749 
-5.33749 
-1.08749 
7.00000 
22.43700 
49.50000 


-16.50174  -12.83575  -9.16875  -4.81874 
6.36700  7.13300  7.90000  7.95001 


21.33299 
50.50000 
99.8001 
-20.92499 
-19.94498 
-15.92499 
.00000 

33.60001 
52.00000 
124  7500 
-20.84373 
-20.84373 
-16.84373 
.00000 
32.89999 

52.30200 
149.7000 
-20.76250 
-20.76250 
-13.22250 
.10000 
34.30000 

52.30200 
174.6499 
-21.68124 
-20.68124 
-14.74124 
.00000 

32.45500 

52.30200 
199.6001 

-20.59999 

-20.59999 

-14.65999 

.00000 

32.45500 

52.30201 
224.5501 

-20.51874 

-20.51874 

-14.57874 

.00000 

32.45500 

52.30200 

249.5000 

-20.43748 

-20.43748 

-14.49749 

.00000 

32.45500 

52.30200 


25.77800 

51.60001 

21 

-20.78499 

-19.80498 

-14.92499 

4.80000 

38.39999 

52. 30200 
19 

-20.84373 

-20.84373 

-12.50373 

4.70000 

37.60001 

52.30200 
18 

-20.76250 

-20.76250 

-8.68250 

4.90000 

39.20000 

52.30200 

18 

-20.68124 

-20.68124 

-9.80124 

4.63600 

37.19106 

52.30200 

18 

-20.59999 

-20.59999 

-9.71999 

4.63600 

37.09100 

52.30200 

18 

-20.51874 

-20.51874 

-9.63874 

4.63600 

37.09100 

52.30200 

18 

-20.43748 

-20.43748 

-9.55749 

4.63600 

37.09100 

52.30200 


-20.00624 
-13.33924 

vm  i m 

30.22200 
52.30200 


-20.64497 

-19.66498 

-9.99999 

9.60000 

43.20000 

52.30200 

-20.84373 

-20.84373 

-8.16373 

9.40000 

42.30000 

52.30200 

-20.76250 

-20.76250 

-4.14250 

9.80000 

44.10001 

S2.38200 

-20.68124 

-20.68124 

-4.86124 

9.27300 

41.62701 

52.30200 

-20.59999 
-20 . 59999 
-4.77999 

9.27300 

41.72701 

52.30200 

-20.51874 

-20.51874 

-4.69874 

9.27300 

41.72701 

52.30200 

-20.43748 

-20.43748 

-4.61749 

9.27300 

41.72701 

52.30200 


-20.08749 

-4.88750 

-.08749 

8.00000 

27.25000 

50.20000 

-17.50624 

-13.00624 

34.66701 

52.30200 

-20.50497 

-19.52498 

-5.07499 

14.40000 

48.00000 

52.30200 

-20.84373 

-20.84373 

-3.82373 

14.10000 

47.00000 

52.30200 

-20.76250  ■ 
-20.76250  • 
.00000 
14.70000 
49.00000 

52.30200 

-20.68124  - 
-20.68124  ■ 
.00000 

KM 

52.30200 

-20.59999  - 
-20.59999  - 
.00000 

13.90900 

46.36400 

52.30200 

-20.51874  - 
-20.51874  - 
.00000 

13.90900 

46.36400 

52.30201 

-20.43748  - 
-20.43748  - 
.00000 

13.90900 

46.36400 

52.30200 


-15.62049 

-4.43750 

.00000 

8.00000 

32.06200 

50.23499 

-15.00624 

-12.67324 


•11.15449 

-3.98749 


-6.68749 

-3.53749 


39.11099 

52.30200 

-20.36497 

-18.92499 

-.14999 

19.20000 

50.10001 

52.30200 

-20.84373 

-19.84373 

.00000 

18.80000 

50.00000 

52.30200 

-20.76250 

-19.76250 


8.00000  8.00000 
36.87500  41.68701 


-14.67324  -14.33924 
-12.33924  -12.00624 

12.44410  16.88901 
43.55600  48.00000 


-20.22498 

-17.92499 

.00000 

24.00000 

51.20000 

52.30200 

•20.84373 

•18.84373 

23.50000 

51.00013 


•20.08498 

•16.92499 

28.80000 

51.80000 


-20.84373 

-17.84373 

28.20000 

51.60001 


•20.76250  -20.76250 
-18.76250  -17.76250 


19.60001  24.50000  29.39999 
51.39999  52.00000  52.30200 


-20.68124  -20.68124  -20.68124 
-20.68124  -20.18124  -19.68124 

mn  mu  mm 


-20.59999  -20.59999  -20.59999 
•20.59999  -20.09999  -19.59999 

18.54500  23.18201  27.81799 
51.00000  51.60000  52.30200 


-20.51874  -20.51874  -20.S1874 
-20.51874  -20.01874  -19.51874 

18.54500  23.18201  27.81799 
51.00000  51.80000  52.30200 


-20.43748  -20.43748  -20.43748 
-20.43748  -19.93748  -19.43748 

18.54500  23.18211  27.81799 
51.00000  51.80010  52.30200 


G-25 
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274.4500  18 

-20.35625  -20  35625  -20.3562S  -20.3562S  -20.35625  -20.35625  -20.35625 

-20.35625  -20.35625  -20.3S62S  -20.35625  -20.3S62S  -19,85625  -19.3S625 

-14.41625  -9.47625  -4.53625  .00000 

.00000  4.63600  9  27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

299.3999  18 

-20.27499  -20.27499  -20.27499  -20.27499  -20.27499  -20.27499  -20.27499 

-20.27499  -20.27499  -20.27499  -20.27499  -20.27499  -19.77499  -19.27499 

-14.3349°  -9.39499  -4.45499  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  46.36400  51.00000  SI. 80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

324.3501  18 

-20.19374  -20.19374-20.19374  -20.19374  -20.19374  -20.19374  -20.19374 
-20.19374  -20.19374  -20.19374  -20.19374  -20.19374  -19.69374  -19.19374 

-14.25374  -9.31374  -4.37374  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  4636400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

349.3000  18 

-28.11249  -20.11249  -20.11249  -20.11249  -20.11249  -20.11249  -20.11249 

-20.11249  -20.11249  -20.11249  -20.11249  -20.11249  -19.61249  -19.11249 

-14.17249  -9.23249  -4.29249  .00000 

.00000  4.63600  9.27000  13.90900  18.54500  23.18201  27.31799 

32.45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

374.2500  18 

-20.03123  -20.03123  -20.03123  -20.03123  -20.03123  -20.03123  -20.03123 
-20.03123  -20.03123  -20.03123  -20.03123  -20.03123  -19.53123  -19.03123 

-14.09124  -9.15124  -4.21124  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  4636400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

399.2000  18 

-19.95000  -19.95000  -19.95000  -19.95000  -19.95000  -19.95000  -19.95000 

-19.95000  -19.9SU00  -19.95000  -19.95000  -19.95000  -19.45000  -18.95000 

-14.01000  -9.07000  -4.13000  .00000 

.00000  4.63600  9.27300  13.90900  1B.54SC0  23.18201  27.81799 

32.45500  37.09100  41.72701  46.36400  SI .00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

424.1499  18 

-19.86874  -19.86874  -19.86874  -19  86874  -19.86874  -19.B6874  -19.86374 
-19.86874  -19.86874  -19.86874  -19  86874  -19  86874  -19.36874  -18.86874 

-13.92874  -8.98374  -4.04874  . 03000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30250  52.30200 

449.1001  18 

-19.78749  -19.78749  -19.78749  -19.78749  -19.78749  -19.78749  -19.78749 

-19.78749  -19.78749  -19.78749  -19.78749  -19.78749  -19.28749  -18.78749 

-13.84749  -8.90749  -3.96749  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  4636400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

474  0500  18 

-19.70624  -19.70624  -19.70624  -19.70624  -19.70624  -19.70624  -19.70624' 

-19.70624  -19.70624  -19.70624  -19.70624  -19.70624  -19.20624  -18.70624 

-13.76624  -8.82240  -3.88624  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  4636400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

499.0000  18 

-19.62498  19.62498  -19.62498  -19.62498  -19.62498  -19.62498  -19.62498 

-19.62498  -19.62498  -19.62498  -19  62498  -19.62498  -19.12498  -18.62498 

-13.68499  -8.74499  -3.80499  .00000 

.00500  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52  30200  52. 30200  52.30200 

523.9500  18 

-19.54375  -19.54375  -19.54375  -19  5*375  -19  54375  -19 .54375  -19.54375 

-19.54375  -19.54375  -19.54375  -19  54375  -19.54375  -19.04375  -18.54375 

-13.60375  -8.66375  -3.72375  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.13201  27.81799 

32.45500  37.09100  41.72701  46  36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 


G—  26 
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548.8999 
-19.46249 
-19.46249 
-13.52249 
.  80000 

32.45500 
52.30200 
573.8501 

-19.38124 

-19.38124 

-13.44124 

.00000 

32.45500 
52.30200 
598.8000 

-19.29999 

-19.29999 

-13.35999 

.00000 

32.45500 
52.30200 
623.7500 

-19.21873 

-19.21873 

-13.27874 

.90000 

32.45500 
52.30200 
648.7000 

-19.13750 

-19.13750 

-13.15750 

.00000 

32.45500 
52.30200 
673.6499 

-19.05624 

-19.0S624 

-13.11624 

.00000 

32.45500 
52.30200 
698.6001 

-18.97499 

-18.97499 

-13.03499 

.00000 

32.45500 
52.30200 
723.5500 

-18.89374 
-18.89374 
-12.9S374 
.  00000 
32.4S500 
52.30200 
748.5000 
-18.81248  ■ 
-18.81248  ■ 
-12.87249 
.00000 

32.45500 
52.30200 
773.4500 

-18.73125  ■ 
-18.73125  ■ 
-12.79125 
.00000 

32.45500 
52.30200 


18 

-19.46249 

-19.46249 

-8.58249 

4.63600 

37.09100 

52.30200 

18 

-19.38124 

-19.38124 

-8.50124 

4.63600 

37.09100 

52.30200 

19 

-19.29999 

-19.29999 

-8.41999 

4.63600 

37.09100 

52.30200 

18 

-19.21873 

-19.21873 

-8.33874 

4.63600 

37.09100 

52.30200 

18 

-19.13750 

-19.13750 

-8.25750 

4.63600 

37.09100 

52.30200 

18 

-19.05624 

-19.05624 

-8.17624 

4.63600 

37.09100 

52.30200 

18 

-18.97499 

-18.97499 

-8.09491 

4.63600 

37.09100 

52.30200 

18 

-18  89374 
-18.89374  ■ 
-8.01374 
4.63600 
37.09100 
52.30200 
18 

-18.81248  • 
-18.81248  • 
-7.93249 
4.63600 
37 . 09a  00 
52.30200 
18 

-18.73125  - 
-18.73125  • 
-7.85125 
4.63600 
37.09100 
52.30200 


-19.46249 

-19.46249 

-3.64249 

9.27300 

41.72701 

52.30200 

-19.38124 

-19.38124 

-3.56124 

9.27300 

41.72701 

52.30200 

-19.29999 

-19.29999 

-3.47999 

9.27300 

41.72701 

52.30200 

-19  21873  • 
-19.21873  ■ 
-3.39874 
9.27300 
41.72701 
52.30200 

-19.13750  - 
-19.13750  - 
-3.31750 
9.27300 
41.72701 
52.30200 

-19.05624  - 
-19.05624  - 
-3.23624 
9.27300 
41.72701 
52.30200 

-18.97499  - 
-18.97499  - 
-3.15499 
9.27300 
41.72701 
52.30200  . 

-18.89374  - 
-18.89.174  - 
-3.07374 
9.27300 
41.72701 
52.30200 

-18.81248  - 
-18.81248  - 
-2.99249 
9.27300 
41.72701 
52.30200 

-18.73125  - 
-18.73125  - 
-2.91125 
9.27300 
41  72701 
52.30200  1 


-19.46249 

-19.46249 

.00000 

13.90900 

46.36400 

52.30200 

-19.38124 

-19.38124 

.00000 

13.90900 

46.36400 

52.30200 

-19.29999  ■ 
-19.29999  ■ 
.00000 
13.90900 
46.36400 
52.30200 

-19.21873  - 
-19.21873  - 
.00000 
13.90900 
46.36400 
52.30200 

-19.13750  - 
-19.13750  - 
.00000 
13.90900 
46.36400 
52.30200 

-19.05624  - 
-19  05624  - 
.00000 
13.90900 
46.36400 
52.30200 

-18.97499  - 
-18.97499  - 
.00000 
13.90900 
46.36400 
.52.30200 

-18.89374  - 
-18.89374  - 
.00000 
13.90900 
46.36400 
52.30200 

-18.81248  - 
-18.81248  - 
.00000 
13.90900 
46.36400 
52.30200 

-18.73125  - 
-18.73125  - 
.00000 
13.90900 
46  36400  1 
52.30200 


•19.46249  -19.46249  -19.46249 
•19.46249  -18.96249  -18.46249 

18.54500  23.18201  27.81799 
51.00000  51.86000  52.30200 


-19.38124  -19.38124  -19.38124 
-19.38124  -18.88124  -18.38124 

18 . 54500  23.18201  27.81799 
51.00000  51.80000  52.30200 


■19.29999  -19.29999  -19.29999 
-19.29999  -18.79999  -18.29999 

18.54500  23.18201  27.81799 
51.00000  51.80000  52.30200 


■19.21873  -19.21873  -19.21873 
•19  21873  -18.71873  -18.21873 

18.54500  23.18201  27.81799 
51.00000  51.80000  52.30200 


-19.13750 

-19.13750 

18.54500 

51.00000 


•19  05624 
•19.05624 

18.54500 

51.00000 


-19.13750 

-18.63750 

23.18201 

51.80000 


-19.05624 

-18.55624 

23.18201 

51.80000 


-19.13750 

-18.13750 

27.81799 

52.30200 


-19.05624 

-18.05624 

27.81799 

52.30200 


•18.97499  -18.97499  -18.97499 
■18.97499  -18.47499  -17.97499 

18.54500  23.18201  27.81799 
51.00000  51.80000’  52.30200 


-18.89374  -18.89374  -18.89374 
-18.89374  -18.39374  -17.89374 

18.54500  23.18201  27.81799 
51 . 00000  51.80000  52.30200 


-18  81248  -18  81248  -18  81248 
-18.81248  -18  31248  -17  81248 

1854500  23.18201  27.81799 
51.00000  51.80000  52.30200 


-18.73125  -18.73125  -18.73125 
-18.73125  -18.23125  -17.73125 

18.54500  23.18201  27.81799 
51.00000  51.80000  52.30200 


G-27 
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798.399?  16 

-18.6499?  -18.64999-18.64999  -18.64999  -18.6499?  -18.64999  -18.6499? 
-18.6499?  -18.64999  -18.6499?  19.64999  -18.6499?  -18.14999  -17.64999 
-12.70999  -7.76999  -2.82999  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.8179? 

32.45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

823.349?  18 

-18.56874  -18.56874  -18.56874  -18.56874  -18.56874  -18.568' *  -18.56874 
-18.56874  -18.56874  -18.56874  -18.56874  -18.56874  -IS. 06‘  '  -17.56874 
-12.62740  -7.68874  -2.74874  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799  • 

32.45500  37.09100  41.72701  46.36400  51.00000  SI. 80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

848.2998  19 

-18.48749  -18.4974?  -18.48749  -18.4874?  -18.48749  -18.48749  -18.4874? 
-18.4874?  -18.48749  -18.48749  -18.4874?  -18.48749  -17.9874?  -17.48749 
-16.48749  -11.7474?  -7.00749  -2.2674?  .00000 

.00000  4.54500  9.09100  13.63600  18.18201  22.72701  27.27299 

31  81799  36.36400  40.90900  45.45500  50.00000  51.20000  51.50000 

52.30200  52.30200  52.30200  52.30200  52.30200 
873.2500  19  .  , 

-18.40623  -18.40623  -18.40623  -18.40623  -18.40623  -18.40623  -18.*?623 
-18.40623  -18.40623  -18.40623  -17.40623  -16.40623  -IS. 40623  -11.40623 
-13.40623  -9.26623  -5.12624  -.98624  .00000 

.00000  5.33300  10.66700  16  00000  21.3329?  26.66701  32.00000 

37.3329?  42.66701  48.00000  50.00000  50.80000  51.30000  51.80000 

52.30200  52.30200  52.30200  5230200  52.30200 
898  2000  19 

-18.32500  -18.32500  -18.32500  -18.32500  -18.32500  -18.32500  -18  32500 
-18  32500  -18.32S00  -18.32500  -17.82500  -17.32000  -16.32SOO  -14.32500 
-12.32500  -9.32500  -6.32500  -1.75800  .00000 

.00000  4.88900  9.77800  14.66700  19.55600  24.44400  29.33299 

34.22200  39.11099  44.00000  47.20000  47.30000  48.50000  49.70000 

50.60001  51.50000  52.30200  5230200  52.30200 

923.1499  19 

-18.24374  -18.24374  -18.24374  -18.24374  -18  24374  -18.24374  -18.24374 
-18  24374  -18  24374  -17.74374  -17.24374  -16.24374  -14.24374  -12.24374 

-9.24374  -6.24374  -3.24374  -.24374  .00000 

.00000  4.75000  9.50000  14.25000  19.00000  23.75000  28.50000 

33.25000  38.00000  40.00000  41.00000  42.50000  44.60001  46.20000 

48.00000  49.00000  49.80000  50.25000  50.28656 

948.0999  17 

-18.16249  -18.1624?  -18.1624?  -19.16249  -18  16249  -18  16249  -18  16249 

-17.66249  -17.16249  -16.1624?  -14.16249  -12.16249  -9.1624?  -6.16249 

-3.1624?  -16249  .00000 

.00000  433300  8.66700  13.00000  17.3329?  21.66701  26.00000 

29.00000  30.30000  32.00000  34.60001  36.50000  38.89999  40.60001 

41.70000  4280000  42.84062 

’73.0498  6 

-18.08124  -18  03124  -15.08124  -9  08124  -3.08124  .00000 

.00000  9.96000  17.98000  23  30000  25.70000  26.52165 

998.0000  0 

READY 
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LIST 

OFCOR3  29  DEC  81  15:11 

19.92000  22.10000  41 

.0000  I 
24.9500  4 

-21.00000  -21.00000  -9.30000  .00000 

.00000  5. 00001  7.75000  8.00000 

49.8999  5 

-8.54000  -5.56000  -4.80000  -3.54000  .00000 

.00000  32.00000  40.00000  48.00000  50.50000 

748501  4 

-16.77000  -13.03000  -10.05000  .00000 

.00000  48.00000  52.30200  52.32000 

99  8001  6 

-22.00000  -22.00000  -20.56000  -19.00000  -16.00000  .00000 

00000  800030  48.00000  51.25000  5232000  52.32000 

124.7500  20 

-21.73999  -2i. 73999  -21.73999  -21.73999  -21.73999  -21.73999  -21.73999 


-21.73999  -21.73999  -21.73999  -21.73999 
-17.73999  -13.39999  -9.05999  -4.71999 
.00000  4.70000  9.40000  14.10000 

32.69999  37.60001  42.30000  47.00000 
52.30200  52.30200  52.30200  52.30200 
149.7000  19 

-21.68799  -21.68799  -21.68799  -21.68799 
-21.68799  -21.6879?  -21 .68799  -21.68799 
-14.14799  -9.60799  -5.06799  -.52798 

.00000  4.90000  9.80000  14.70000 

34.30000  39.20000  44.10001  49.00000 
52.30200  52.30200  52.30200  S2 .30200 
174.6499  19 

-21.63599  -21.63S99  -21  63599  -21.63599 
-21.63599  -21.63599  -21.63599  -21.63599 
-15.69599  -10.75599  -5.81599  -.87599 

.00000  4.63600  9.27300  13.90900 

32.45500  37.09100  41.72701  46.36400 
52.30200  52.30200  52.30200.  52.30200 
199.6001  19 

-21.58398  -21.58396  -21.58398  -21.58398 
-21.56398  -21.58393  -21.58398  -21.58398 
-15.64398  -10.70398  -5.76399  -.82379 

.00000  4.63600  9.27300  13.90900 

32.45500  37.09100  41.72701  46.36400 
52.30200  52.30200  52.30200  52.30200 
224.5S00  19 

-21.53200  -21.53200  -21.53200  -21.53200 
-21.53200  -21.53200  -21.53200  -21.53200 
-15.S9200  -10.65200  -5.71200  -.77200 


-21.48000  -21.48000  -21.4B000  -21.48000 
-21.48000  -21.48000  -21.43000  -21.48000 
-15.54000  -10.60000  -5.66000  -.72000 

.00000  4.63600  9.27300  13.90900 

32.45500  37.09100  41.72701  46.36400 

52.30200  52.30200  52.30200  52.30200 
274.4500  19 

-21.42799  -21.42799  -21.42799  -21.42799 
-21.42799  -21.42799  -21.42799  -21.42799 
-15.48799  -10.54799  -5.60799  -.66800 

.00000  4.63600  9.27300  13.90900 

32.45500  37.09100  41.72701  46.36400 

52.30200  52.30200  52.30200  52.30200 
299.3999  19 

-21.37599  -21.37599  -21.37599  -21.37599 
-21.37599  -21.37599  -21.37599  -21.37599 
-15.43S99  -10.49599  -S.55S99  -.61600 

.00000  4.63600  9.27300  13.90900 

32.45500  37.09100  41.72701  4636400 

52.30200  52.30200  52.30200  52.30200 
324.3501  19 

-21.32399  -21.32399  -21.32399  -21.32399 
-21.32399  -21.32399  -21.32399  -21.32399 
-15.38399  -10.44399  -S. 50399  -.56400 

.00000  4.63600  9.27300  1390900 

32.45500  37.09100  41.72701  46.36400 

52.30200  52.30200  52.30200  52.30200 


-20.73999  -19.73999  -18.73999 
-.37999  .00000 

18.80000  23.50000  28.20000 
50.00000  51.00000  51.60001 

52.30200  52.30200 

-21.68799  -21.68799  -21.66799 
-20.68799  -19.68799  -18.68799 
.00000 

19.60001  24.50000  29.39999 
51.39999  52.00000  52.30200 

52.30200 

-21.63599  -21.63599  -21.63599 
-21.63599  -21.13599  -20.6359V 
.00000 

18.54500  23.18201  27.81799 
51.00000  51.80000  52.30200 

52.30200 

-21.58398  -21.58398  -21.58398 
-21.58398  -21.08398  -20.58398 
.00000 

18.54500  23.18201  27.81799 
51.00000  51.80000  52.30200 

52.30200 

-21.53200  -21.53200  -21.53200 
-21.53200  -21.03200  -20.53200 
.00000 

49-.ia8ii  nmn  si m 

52.30200 

-21.49000  -21.48000  -21.48000 
-21.48000  -20.98000  -20  48000 
.00000 

18.54500  23.18201  27.81799 
51.00000  51  80000  52.30200 

52.30200 

-21.42799  -21.42799  -21.42799 
-21.42799  -20.92799  -20.42799 
.00000 

18.54500  23.18201  27.81799 
51.00000  51.80000  52.30200 

52.30200 

-21.37599  -21.37599  -21.37599 
-21.37599  -20.87599  -20.37599 
.00000 

18.54500  23.18201  27.81799 
51.00000  51.80000  52.30200 

52.30200 

-21.32399  -21.32399  -21,32399 
-21.32399  -20.82399  -20.32399 
.00000 

18.54500  23.18201  27.81799 

51.00000  51.80000  52.30200  G-29 

52.30200 
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349.3000  19 

-21.27199  -21.27199  -21.27199  -21.27199  -21.27199  -21.27199  -21.27199 


-21.27199  -21.27199 
-IS. 33199  -10.39199 

.00000  4.63600  9.27300  13.90900 

32.45500  37.09100  41.72701  46.36400 
52.30200  52.30200  52.30200  52.302DD 
374  2500  19 

-21.21999  -21.21999  -21.21999  -21.21999 
-21.21999  -21.21999  -21.21999  -21.21999 
-15.27999  -10.33999  -5.39999  -.45999 

,00000  4.63600  9.27300  13.90900 


•21.27199  -21.27199 
-5.45199  -.51199 

9.27300  13.90900 
41.72701  46.36400 
52.30200  52.30200 


32.45500 

52.30200 

399.2000 


37.09100 
S2. 30200 
19 


41.72701 

52.30200 


46  3640H 
52.30200 


■21.27199  -20.77199  -20.27199 
.00000 

18 . 54500  23.18201  27,81799 
51.00000  51.80000  52.30200 
52.30200 

21.21999  -21.21999  -21.21999 
21.21999  -20.71999  -20.21999 
.00000 

18.54500  23.18201  27.81799 
51.00000  51.80000  52.30200 
52.30200 


-21.16800  -21.16800  -21.16800  -21.16800  -21.16800  -21.16800  -21.16800 


-21.16300 

-15.22800 

.00000 

32.45500 

52.30200 

424.1499 


-21.16800  -21.16800 
-10.2S800  -5.34800 


16800  -21.16800  -21.16800  -21.16800  -20.66800  -20.16800 


4.63600 

37.09100 

52.30200 

19 


9.27300 

41.72701 

52.30200 


-.40800 

13.90900 

46.36400 

52.30200 


.00000 

18.54500 

51.00000 

52.30200 


23.18201 

51.80000 


-21.11600  -21.11600  -21.11600  -21.11600  -21.11600  -21.11600 

-21.11600  -21.11600  -21.11600  -21.11600  -21.11600  -20.61600 


-15.17600  -10.23600 


.00000 

32.4S500 

S2.30200 

449.1001 


4.63600 

37.09100 

52.30200 

19 


-5.29600 

9.27300 

41.72701 

S2.30200 


-.35600 

13.90900 

46.36400 

52.30200 


.00000 

18.54500 

51.00000 

52.30200 


23.18201 

51.80000 


27.81799 

52.30200 


-21.11600 

-20.11600 

27.81799 

52.30200 


-21.06400  -21.06400  -21.06400 
-21.06400  -21.06400  -21.06400 
-15.12400  -10.18400  -5.24400 
,00000  4.63600  9.27300 


-21.06400  -21.06400  -21.06400  -21.06400 
-21.06400  -21.06400  -20.56400  -20.06400 


32.45500 

52.30200 

474.0500 


37.09100 

52.30200 

19 


9.27300 

41.72701 

52.30200 


-.30400 

13.90900 

46.36400 

52.30200 


.00000 

18.54500 

51.00000 

52.30200 


23.18201 

51.80000 


27.81799 

52.30200 


-21.01199  -21.01199  -21.01199  -21.01199  -21.01199  -21.01199  -21.01199 
-21.01199  -21.01199  -21.01199  -21.01199  -21.01199  -20.51199  -20.01199 

-IS. 07199  -10.13199  -5.19199  -.25200  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41,72701  46.36400  51.00000  51.60000  52.30200 

52.30200  5230200  52.30200  52.30200  52.30200 

499.0000  19 

-20.95999  -20.95999  -20.95999  -20.95999  -20.95999  -20.95999  -20.95999 

-20.95999  -20.95999  -20.95999  -20.95999  -20.95999  -20.45999  -19.9599? 

-15.01999  -10.07999  -S. 13999  -.20000  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.05100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200  52.30200 


.00000 

32.45500 

52.30200 

S23.9S00 

-20.90799 

-20.90799 


4.63600 

37.05100 

52.30200 

19 


23.18201 

51.80000 


23.18201 
Si .80000 


27.81799 

52.30200 


-20.95999 


27.81799 

52.30200 


-20.90799  -20.90799  i-20. 90799  -20.90799  -20.90799  -20.90799 
-20.90799  -20.90799  -20.90799  -20.90799  -20.40799  -19.90799 


-14.96799  -10.02799  -S. 08799  -.14800  .00000 

.00000  4.63600  9.27300  13.90900  18.54500 

32.45SQ0  37.09100  41.72701  46.36400  51.00000 
52.30200  S2. 30200  52.30200  52.30200  52.30200 
548.8999  19 

-20  85599  -20.85599  -20.85S99  -20 .85599  -20 .65599  -20.85599  -20.85599 
-20.85599  -20.85599  -20.85599  '-20.85599  -20.85599  -20.35599  -19.85599 
-14.91599  -9.97599  -5.03599  -.09599  00000 

.00000  4.63600  9.27300  13.90900  18.54500 

32.4S500  37.09100  41.72701  46.36400  51.00000 
52.30200  52.30200  52.30200  52.30200  52.30200 
573.8501  19 


23.18201 

51.80000 


27.81799 

52.30200 


-9.97599 

4.63600 

37.09100 

52.30200 

19 


-5.03599 

9.27300 

41.72701 

52.30200 


-.09599 

13.90900 

46.36400 

52.30200 


.00000 

18.54500 

51.00000 

52.30200 


23.18201 

51.80000 


27.81799 

52.30200 


-20.80399  -20.80399  -20.80399  -20.80399  -20  80399  -20.80399  -20.80399 
-20.80399  -20.80399  -20.80399  -20.80399  -20 .80399  -20.30399  -19.80399 


-14.86399 

.00000 

32.45500 

52.30200 

598.6000 


-9.92399 
4  63600 
37.09100 
52.30200 

18 


-20.75198  -20.75198 
-20.75198  -20.75198 
-14.81198  -9.67198 
.00000  4.63600 

32. 455‘0  37,09100 
52302.0  52  30200 


-4.98399 

9.27300 

41.72701 

52.30200 

-20.75198 

-20.75198 

-4.93198 

9.27300 

41.72701 

52.30200 


-.04399 

13.90900 

46.36400 

52.30200 


.00000 
i 8 . 5450  0 
Si  00000 
52.30200 


23.18201 

51.80000 


27.81799 

52.30200 


-20.75198  -20.75198  -20.75198  -20.75198 
-20.75198  -20.75198  -20.25198  -19.75198 
.00000 

13.90900  18.54500  23.18201  27.81799 
46.36400  51  00000  51.60000  52.30200 
52.30200 
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623.7500  18 

-20.70000  -20.70000  -20  70000  -20.70000  -20.70000  -20.70000  -20.70000 
-20.70000  -20.70000  -20.70000  -20.70000  -20.70000  -20.20000  -19,70000 
-14.76000  -9  82000  -4.88000  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72601  46.36400  51.00000  SI. 80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

648.7000  18 

-20.64799  -20.64799  -20.64799  -20.64799  -20.64799  -20.64799  -20.64799 
-20.64799  -20.64799  -20.64799  -20.64799  -20.64799  -20.14799  -19.64799 
-14.70800  -9.76800  -4,82800  .00000 

.00000  4.63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  46.36400  51.00000  5l:80il00  52.30200 

52.30200  52.30200  52.30200  52.30200 

673.6499  18 

-20.59599  -20.59S99  -20.59S99  -20.59599  -20.S9S99  -20.59599  -20.59599 
-20.5959?  -20.5959?  -20.59599  -20.59599  -20.5959?  -20.09599  -19.5959? 
-14.6559?  -9.7159?  -4.77599  .00000 

.00000  4.63600  9.27300  13.90900  1854500  23.18201  27.8179? 

3*. 45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52  30200  52.30200 

698.6001  18 

-20.54399  -20.54399  -20.54399  -20.54399  -20.54399  -20.54399  -20.5439? 
-20.54399  -20.54399  -20.54399  -20.54399  -20.54399  -20.04399  -19.5439? 
-14.60399  -9.66399  -4.72399  .00000 

.00000  4.63600  9.27300  13.90900  18.S4500  23.18201  27.8179? 

32.45500  37.09100  41,72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

7235500  18 

-20.49199  -20.49199  -20.49199  -20.49199  -20.49199  -20.49199  -20.4919? 

-20.49199  -20.4919?  -20.49199  -20.49199  -20.49199  -19.99199  -19.49199 

-14.SS199  -9.61199  -4.6719?  .00000 

.00000  4.63600  9.27300  13.90900  1854500  23.18201  27.81799 

3245500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52  30200  52  30200  52  30200  52.30200 
7485000  18 

-20.43999  -20.43999  -20.43999  -20.43999  -20.43999  -20.43999  -20.43999 
-20.43999  -20.43999  -20.4399?  -20.43999  -2Q. 43999  -19.93999  -19.43999 
-14.49999  -9.5S99?  -4.61999  .00000 

.00000  463600  9.27300  13.90900  18.54500  23.18201  27.8179? 

32.45500  37. 07100  41.72701  46.36400  51.00000  51.80000  52.30200 

52  302"0  5230200  52.30200  52.30200 

773.4500  18 

-20  38799  -20.38799  -20.3B79?  -20.3879?  -20.3879?  -20.38799  -20.3879? 

-20.3679?  -20.3879?  -20.38799  -20.38799  -20.38799  -19.8879?  -19.38799 

-14.4479?  -9.50799  -4.5679?  .00000 

.00000  4.67600  9.27300  13.90900  18.54500  23  18201  27.8179? 

32.45500  37.09100  41.72701  46.36400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

7983999  18 

-20.33598  -20.33598  -20.33598  -20.33598  -20  33598  -20.33598  -20.33598 

-20.33598  -20  33598  -20.33598  -2033598  -20.33598  -19.83598  -19.33598 

-14.39598  -9.4S59S  -4.51598  .00000 

.00000  4  63600  9.27300  13.90900  18.54500  23.18201  27.81799 

32.45500  37.09100  41.72701  4636400  51.00000  51.80000  52.30200 

52.30200  52.30200  52.30200  52.30200 

823  3499  18 

-20  28400  -20.28400  -20.28400  -20.28400  -20.28400  -20.23400  -20.28400 

-20.?e400  -20.28400  -20.28400  -20.28400  -20.28400  -19.79400  -19.28400 

-14.34400  -9.40400  -4.46400  .00000 

.00000  4.63600  9.27300  13.90V00  18.54500  23.18201  27.B179? 

32.45500  37.09100  41.72701  46.36400  51.00000  51.80000  52  3J1200 

52.30200  52.30200  52.30200  52.30200  f 

848.2998  19 

-20.23199  -20.2319?  -20.23199  -20.23199  -20 .23199  -20.2319?  -20.23199 

-20  23199  -20.2319?  -20.23199  -20.23199  -20.23199  -19.7319?  -19.23199 

-18.23199  -13.4919?  -8.75200  -4.01199  .00000 

.00000  4.54500  9.09100  13.63600  18.18201  22.72701  27.27299 

31.81799  36.36400  40.90900  45.45500  50.00000  51.20000  51.50000 

52.30200  52.30200  52.30200  52.30200  52.30200 

873  2500  19 

-20.17999  -20.1799?  -20.17999  -20.1799?  -20.17999  -20.17999  -20.17999 

-20.1799?  -20.1799?  -20.1799?  -19.17999  -18.17999  -17.1799?  -16.17999 

-15.17999-11.0399?  -6.89999  -2.76000  .00000 

.00000  5.33300  10.66700  16.00000  21.3389?  26.66701  32.00000 

37  33299  42.66701  48.00000  50.00000  50  80000  51.30000  51.80000 

52.30200  52.30200  52.30200  52.30200  52.30200 
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898.20  DO 
-20  12799 
-20.12799 
-14.12799 
.00000 
34.22200 
SO  .60001 
923.1499 
-20 . 07S99 
-20.07S99 
-11.07599 
.00000 
33.25000 
48.00000 
948.0999 
-20.02399 
-19.52399 
-S. 02399 
.00000 
29.00000 
41.70000 
973.0498 
-19.97198 
.00000 
998.0000 
READY 


19 

-20.12799 
-20.12799 
-11.12799 
4.83900 
39.11099 
SI. 50000 
19 

-20.07599 

-20.07S99 

-8.07599 

4.75000 

38.00000 

49.00000 

17 

-20.02399 

-19.02399 

-2.02399 

4.33300 

30.30000 

42.80000 

8 

-19.97198 

9.98000 

0 


-20  12799 
-20.12799 
-8.12799 
9,77800 
44.00000 
52.30200 

-20.07599 

-19.57599 

-5.07599 

9.50000 

40.00000 

49.80000 

-20 . 02399  ■ 
-18.02399  ■ 
.00000 
8.88700 
32.00000 
43.30800 


-20.12799 

-19.62799 

-3.56099 

14.66700 

47.20000 

52.30200 

-20.07599 

-19.07599 

-2.07599 

14.25000 
41.00000 

50.25000 

-20.02399 

-16.02399 

13  00000 
34.60001 


■20.12799  -20.12799 
■19.12799  -18.12799 


19.55600  24.44400 
47.30000  48.50000 
52.30200 

-20.07599  -20.07599 
-18.07S99  -16.07599 
.00000 

19.00000  23.7S000 

42.50000  44.60001 
50.56139 

-20.02399  -20.02399 
-14 .02399  -11.02399 

17.33299  21.66701 

36.50000  38.89999 


-20.12799 
-16  12799 

29  33299 
49.70000 


-20.07599 

-14.07599 

28.50000 

46.20000 


-20 . 02399 
-8.02399 

26.00000 

40.60001 


■16.97198  -10.97198 
17.98000  23.30000 


-4.97199  .00000 

25.70000  27.02S86 
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LIST 

CASEi  18  DEC  80 

S.  J.  CORT  CSEi 

998.0000  41 

2 .2050 

0.0000 

825.3600  1038.6000 
6226.1900  2020.1841 
8825.7000  123.7587 

10033.7300  4.8660 

10033.7300  4.8660 

10192.6100  3.8361 

10338.0400  1.3627 

10481.4600  6.2250 

10463.3199  6.3210 

10472.5500  6.4150 

10468.0699  6.4870 

10463.5900  6.5490 

10459.1100  6.6570 

10454.6300  6.7400 

10450.1500  6.7850 

10445.6700  6.8460 

10441 . 1899  6.9490 

10436.7100  7.0540 

10432.2800  7.3940 

10427.8000  7.4470 

10423.3199  7.3440 

10416.6600  7.7600 

10412.2800  7.8650 

10407.7000  7.7320 

10403.2200  7.9000 

10398.7400  8.0100 

10394.2600  8.1210 

10389.7800  8.1950 

10385.3500  8.2960 

10330.8199  8.3940 

10376.3900  8.5010 

10370.7700  8.5840 

1.0365.140  0  8.6970 

10362.9500  8.7510 

10286.6300  1.3940 

10013.6300  9.1770 

9454.1899  56.1200 

7973.9400  212.0396 

5260.6300  360.0577 

1858.5800  186.8018 

0.0000  0.0000 

READY 


14  :  14 


820 . 0000 

1  .0000 

2350 .0000 

0.9280 

2400 . 0000 

0.8160 

2380 . 0000 

0 . 7400 

3772.0000 

0.6240  / 

3772.0000 

0.5530 

3772 . 0000 

0.4590 

3772. 0000 

0.3630 

3772 .0000 

0.2720 

41 13. 0000 

0.1800 

4113. 0000 

0 . 0880 

4113.0000 

0.0000 

4113. 0000 

-0 . 0980 

41 13 . 0000 

-0 . 19C3 

411.3. 0000 

-0.2810 

4113.0000 

-0 . 3750 

4113. 0000 

-0 . 4680 

411.3. 0000 

-0.5620 

4113. 0000 

-0 . 6540 

4113. 0000 

-0.7500 

411.3. 0000 

-0.8400 

4113.0000 

-0.7550 

41 13 . 0000 

-0.6600 

411.3. 0000 

-0.5720 

41.13. 0000 

-0 . 4790 

4113.0000 

-0.3860 

4113. 0000 

-0.2920 

4113.0000 

-0.1990 

4113.0000 

-0 . 1060 

4113.0000 

-0 .0150 

4113.0000 

0 . 0800 

4113.0000 

0 . 1720 

4113.0000 

0.2630 

41 13. 0000 

0.3580 

4113.0000 

0.4500 

3810 . 0000 

0.5400 

381 0 .0000 

0.6300 

4360 .0000 

0.7250 

4360 . 0000 

0.8180 

1300 .0000 

0.9080 

0.0000 

1.0000 

G-33 
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LIST 
CASE  2 


18  DEC  80  14:14 


S.  J.  CORT 
998 .0000 
2. 2050 
0 . 0000 
825.3600  J 
6226. 1900  < 
0825.7000 
10033.7300 
10033.7300 
10192.6100 
10338.0400 
10481 . 4600 
10463  3199 
10472.5500 
10468 . 0699 
10463.5900 
10459.1100 
10454.6300 
10450 . 1500 
10445.6700 
10441 . 1899 
10436.7100 

10432.7800 
10427.8000 
10423  3199 

10416.66  0 

10412.2800 
10407.7000 
10403.2200 
10398.7400 
10394  2600 

10389.7800 
1 0385  3500 
10380 . 83  99 
10376  3900 
1 0370 . 7700 
i 0365 .1400 
10362.9500 
10206  63  0 
10013 . 6300 

9454 . 1899 
7973.9400 
S260 .6300 
1858.5800 
0.0000 
READY 


CSE2 

4i 


1038.6000  „ 
2020.1841  t 
123.7587  2 
4 . 8660  <: 
4.8660  : 
3.8361  . 
1.3627  I 
6.2250  . 
6.3210  . 
6.4150  ' 
6.4870  ' 
6.5490 
6.6570 
6.7400 
6.7850 
6.8460 
6.9490 
7.0540 
7.3940 
7  4470 
7 . 3440 
7.7600 
7  0650 
7.7320 
7.9000 
8.0100 
8.1210 
Q  1950 
8.2960 
.  83940 

I  8.5030 

i  8  5840 
8.6970 
8.7530 
1.3940 
9.1770 
?  56.1200 

3  212.0396 

3  360.0377 

D  186.8018 
g  0.0000 


820..  01 
2350 .01 
2400 . 01 
2380  .  O' 
3772 . 0 
3772 . 0 
3772.0 
3772 . 0 
3772 . 0 
4113.0 
4113.0 
4113.0 
4113.0 
4113.0 
4113.0 
4313.0 
4113.0 
4113.0 
4113.0 
4113.  C 
4113.  C 
45  13  .  ( 
4113.  ( 
4113.1 
4113  .  I 
4113  .  I 
4113  .  i 
45  13. 

,  4113. 

I  45  5  3. 

I  4133. 

I  45  5  3. 

)  415  3. 

>  4513. 

)  4113. 

}  3810 . 
}  3810. 
b  4360 . 
7  4360  . 
3  130 0  . 
0  0. 


.0000 
.  0000 
.0000 
.  0000 
.0000 
.0000 
.0000 
.  0000 
.  0000 
.  OOOQ 
,.0000 
,.0000 
oooo 
,.0000 
i .  0000 

;  .oooo 

i .  0000 
5.  0000 
5 .  000  0 
5.0000 
5.  0000 
J  .  oooo 
1.0000 
3,0000 
3,0000 
3.0000 
3.0000 
3. 0000 
3.0000 
3 . 0000 
3.0000 
3  .  OOOO 
3. OOOO 
3  OOOO 
3.0000 
0.0000 
0.0000 
0.0000 
,0.0000 
0  .  OQOO 
0.0000 


1 .0000 
0 . 9280 
0.8160 
0 .7400 
0 . 6240 
0 . 5530 
0 . 4590 
0 . 3630 
0.2720 
0 . 1800 
0 . 0880 
0.0000 
-0 . 0980 
-0  . 1900 
-0 .2810 
-0.3750 
-0 . 4680 
-0.5620 
-0 . 6540 
-0 .750  0 
-0  8400 
-0 .7550 
-0.6600 
-  0.5720 
-0 . 4790 
-0.3860 
-0  2920 
-0  1990 
-0 .1060 
-0 .0150 
0 . 0800 
0 . 1720 
0  2630 
0 . 3580 
0  .  450  0 
0.5400 
0 . 6300 
0.7250 
0.0580 
Q  7080 
i ' JOOD 


11-22 


■  / 


LIST 


CASE3  02  SEP  80  15:08 


/ 


S.  J.  CORT  CASE3 
998.0000  41 

1.9600 

0.0000, _ 

3108.4200  1054.0302 820.0000 


4980.9000  2402.2656  2350.0000 
6957.4900  868.4435  2400.0000 


9265.9700 

10325.3101 

10477.8500 


81.0149  2380.0000 
5.5770  5791.0000 
4.6830  5791.0000 


1 .0000 
0.9452 
0.8355 
0.7257 
0.6161 
0.5071 


.10607.2100 
“To5l9'.  830  0 
10719.8300 
10719.8300 
10719.8300 
10719.8300 


2.7610  5791.0000 
1.7160  5791.0000 
1.7160  5791.0000 
1.7160  5791.0000 
1.7160  5791 .0000 
1 .7160  S791 .0000 


0.3992  * 

0.2930 
0.1893 
0.0891 
-0.0067 
-0 . 0972 


10719.8300 
10719.8300 
10719.8300 
10719.8300 
10719.8300 
10719.8300 
10719.8300 
10719.8300 
10719.8300 
10719.8300 
10719.8300 
10719.8300 
j  10719.8300 
I  10719.8300 
10719.8300 
;  10719.8300 

!  10719.8300 

10719.8300 
10719.8300 
10719.8300 
10720 . 0300 
10720.2300 
•==Tfl"S67 .  2700 
10449.3199 
9975.5900 
8569.9000 
5816.4500 
2176.0200 
13.6400 
READY 


1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7160 

1.7150 

1.7140 

2.1480 

5.4510 

28.0782 

123.9159 

234.7966 

93.1999 

33.852SL 


5791.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5386.0000 
5386.0000 
5386.0000 
5386.0000 
5386.0000 
5936.0000 
5936.0000 
1300.0000 
_ 0^00-04- 


-0 . 1812 
-0.2579 
-0.3264 
-0.3859 
-0 . 4356 
-0.4749 
-0.5033 
-0.5204 
-0.5261 
-0.5202 
-0.5028 
-0.4741 
-0.4347 
-0 . 3848 
-0.3252 
-0.2567 
-0 . 1799 
-0 . 0958 
-0.0055 
0 . 0912 
0.1903 
0 . 2937 
0.3996 
0 . 5072 
0.6158 
0.7249 
0.8348 
0.9443 
-4-^0534- 


51  dr  "v 

V/  I 


Vow1 


G-35 


j 

i 

i 

j 


LIST 


CASE4 

02  SEP  80 

10  :  18 

S.  J.  CORT 

CASE4 

998.0000 

41 

2.0800 

0 .0000 

3096.1200 

998.4755 

820 .0000 

1 .  0000 

S047.2700 

2205.6653 

2350 . 0000 

0.9452 

7102.7800 

690.6144 

2400.0000 

0 . 8355 

9379.7500 

48.4175 

2380 . 0000 

0.7257 

10404.2400 

1.7790 

5791 . 0000 

0.6161 

10554.0601 

1.4810 

5791.0000 

0.5071 

10680.9900 

0.6110 

5791 . 0000 

0 . 3992 

10791.8500 

0.2550 

5791 . 0000 

0.2930 

10791.8500 

0.2550 

5791 . 0000 

0 . 1893 

10791.8500 

0.2550 

5791 . 0000 

0 . 0891 

10791.8500 

0.2550 

5791 . 0000 

-0 .0067 

10791.8500 

0 .2550 

5791 .0000 

-0 . 0972 

10791.8500 

0.2550 

5791 . 0000 

-0 . 1012 

10791.8500 

0.2550 

5654.0000 

-0.2579 

10791 .8500 

0  2550 

5654.0000 

-0.3264 

10791.8500 

0  2550 

5654 . 0000 

-0.3859 

10791.8500 

0.2550 

5654 . 0000 

-0.4356 

10791.8500 

0.2550 

5654 . 0000 

-0.474° 

10791.8500 

0.2550 

5654.0000 

-0.5033 

10791.8500 

0.2550 

5654.0000 

-0.5204 

10791.8500 

0.2550 

5654 . 0000 

-0.5261 

10791.8500 

0.2550 

5654 . 0000 

-0  S202 

10791 .8500 

0.2550 

5654 . 0000 

-0.5028 

10791.8500 

0.2550 

5654 . 0000 

-0 . 4741 

10791.8500 

0 . 2550 

5654 . 0000 

-0 . 4347 

10791.8500 

0 .2550 

5654 . 0000 

-0 . 3848 

10791.8500 

0 .2550 

5654 . 0000 

-0 . 3252 

10791 .8500 

0 . 2550 

5654 . 0000 

-0.2567 

10791.8500 

0  2550 

5654 . 0000 

-0 . 1799 

10791.8500 

0 .2550 

5654 . 0000 

-0 . 0958 

10791.8500 

0 .2550 

5654 . 0000 

-0  0055 

10791 .8500 

0.2550 

5654 . 0000 

0 . 0912 

10791 . 8500 

0 .2470 

5386 .0000 

0 . 1903 

10791 .8400 

0 .2390 

5386 . 0000 

0 . 2937 

10739.7800 

0 . 4720 

5386 .0000 

0 . 3996 

10525 . 8700 

2. 0270 

5386 . 0000 

0.5072 

10062.5601 

16.1005 

5386 .0000 

0 .6158 

8671.2100 

87 . 3448 

5936 . 0000 

0.7249 

5907.9200 

178.3923 

5936 . 0000 

0.8348 

2122.2400 

66 . 2934 

1300 .0000 

0.9443 

12.9300 

34 . 4547 

0  .  0000 

1 . 0536 

READY 


11-24 


LIST 

CASES  02  SEP  80 


S.  J.  CORT 

CASES 

998.0000 

41 

2.0730 

0.0000 

3096.7000 

1001.6884 

5043.3600 

2216.9408 

7094.7500 

700.3909 

9373.8199 

50.0512 

10400 . 1600 

1.8980 

10550 .1100 

1.5810 

10677.1600 

.  0.6700 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788 .1100 

0.2830 

10788.1100 

0.2830 

10788. 1100 

0.2830 

10788.1100 

0.2830 

10788 . 1100 

0 .2B30 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788.1100 

0.2830 

10788 . 1100 

0.2760 

10788 . 1100 

0.2690 

10736.0100 

0.5170 

10521 . 8800 

2.3809 

10058.0100 

16.6851 

8665.8800 

89.2469 

5903.0000 

181.4056 

2218.8700 

67.6795 

12.9600 

34.4213 

READY 


11:04 


820.0000  1.0000 

2350.0000  0.9452 

2400.0000  0.835S 

2380.0000  0.7257 

5791.0000  0.6161 

5791.0000  0.5071 

5791.0000  0.3992 

5791.0000  0.2930 

5791.0000  0.1893 

5791.0000  0.0891 

5791.0000  -0.0067 

5791.0000  -0.0972 

5791.0000  -0.1812 

5654.0000  -0.2579, 

5654.0000  -0.3264 

5654.0000  -0.3859 

5654.0000  -0.4356 

5654.0000  -0.4749 

5654.0000  -0.5033 

5654.0000  -0.5204 

5654.0000  -0.5261 

5654.0000  -0.5202 

5654.0000  -0.5028 

5654.0000  -0.4741 

5654.0000  -0.4347 

5654.0000  -0.3848 

5654.0000  -0.3252 

5654.0000  -0.2567 

5654.0000  -0.1799 

5654.0000  -0.0958 

5654.0000  -0.0055 

5654.0000  0.0912 

5386.0000  0.1903 

5386.0000  0.2937 

S3B6  0000  0.3996 

5386.0000  0.5072 

5386.0000  0.6158 

5936.0000  0.7249 

5936.0000  0.8348 

1300.0000  0.9443 

0.0000  1.0536 


G-37 


11-25 


LIST 

CASE6  C 

S.  J.  CORT 
998 .0000 
2.  0800 
0.0000 
3096.1200 
S047.270Q 

7102.7800 
9379. 7SQ0 

10404.2400 
10554. 0601 
10680.9900 

10791.8500 

10791 . 8500 

10791 .8500 

10791 .8500 

10791 .8500 

10791.8500 

10791 .8500 

10791 . 8500 

10791 .8500 

10791 .8500 

10791 .8500 

10791 .8500 

10791.8500 

10791 .8500 

10791 .8500 

10791 . 8500 

10791 .8500 

10791 .8500 

10791 . 8500 

10791 .8500 

10791 . 8500 

10791 .8500 

10791 .8500 

10791 . 8500 

10791 . 8500 

10791 .8500 
10791 .8400 

10739.7800 
10525.8700 
10062.5601 

8671.2100 
S907 .9200 
2122.2400 
12.9300 
READY 


SEP  80 

CASE6 

41 


998.4755 
2205.6653 
690.6144 
48.4175 
1.7790 
1.4810 
0.6110 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0  .2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2550 
0.2470 
0.2390 
0.4720 
2.0270 
16.1005 
87.3448 
178.3923 
66.2934 
34.4547 


11  i  57 


820.0000 
23S0 . 0000 
2400 . 0000 
2380 . 0000 
S791 .0000 
5791 . 0000 
5791.0000 
5791 . 0000 
5791  -  0000 
5791 . 0000 
5791 . 0000 
5791 . 0000 
5791.0000 
5654 .0000 
5654.0000 
5654.0000 
5654 .0000 
5654. 0000 
S654 . 0000 
5654.0000 
5654.0000 
5654.0000 
5654.0000 
5654 .0000 
5654 . 0000 
5654 .0000 
5654 .0000 
5654 . 0000 
S654 . 0000 
5654 . 0000 
5654 . 0000 
5654 .0000 
5386 . 0000 
5386 .0000 
5386 .0000 
5386 .0000 
5386 . 0000 
5936 . 0000 
5936 .0000 
i30  0 .0000 
0 . 0000 


1.0000 
0.9452 
0 . 835S 
0.7257 
0.6161 
0.5071 
0 . 3992 
0 . 2930 
0 . 1893 
0 . 0891 
-0.0067 
-0.0972 
-0.1812 
-0.2579 
-0.3264 
-0.3859 
-0.4356 
-0.4749 
-0.5033 
-0.5204 
-0 .526* 
-0.5202 
-0.5028 
-0.4741 
-0.4347 
-0 . 3848 
-0.3252 
-0.2567 
-0 . 1799 
-0 . 0958 
-0 .0055 
0 . 0912 
0 . 1903 
0.2937 
0 . 3996 
0.5072 
0.6158 
0 .7249 
0 . 8348 
0.9443 
i  .0536 


0-38 


11-27 


LIST 

CASE8 

S.  J, 
998 
2 
0 

825 
6225 
8825 
10034 
10034 
10193 
10338 
10482 
10477 
10473 
10468 
10464 
10459 
10455 
10450 . 
10446. 
10441  . 
10436. 
10431  . 
10426. 
10422. 
10417. 
10412. 
10408 . 
10403 . 
10399. 
10394. 
10390 . 
10385. 
10380 . 
10375. 
10370 . 
10366. 
10361 . 
10287 
10013. 
9453  . 
7973 . 
52S9. 
1858. 
0  . 

re:ady 


CORT 
.  0000 
.2050 
.0000 
.3600 
.2600 
.3000 
.2300 
.2300 
.2800 
.  1000 
.3800 
.  6899 
.2100 
.7400 
.  2700 
.6300 
.  0900 
.  3900 
.  0100 
.2700 
.7500 
.2500 
.9100 
.  6600 
0699 
3700 
S699 
8900 
4000 
5699 
00  00 
3000 
3800 
730  0 
8500 
06  01 
8199 
1200 
220  0 
5200 
0100 
5400 
94  0  0 
0000 


18  DEC  80  14 : 33 

CASE8 
41 


1038 

2019 

123 

4 

4 

3 

1 

6 

6 

6 

6 

6 

6 

6 

6 

6. 

6. 

7. 

7. 

7. 

7. 

7. 

7. 

7. 

7. 

8. 
8. 
8. 
8. 
8. 
8. 

7. 

8. 
8. 
1 . 
9. 

56. 
211 . 
359. 
186. 
0  . 


.6020 
.9070 
.4490 
.8670 
.8670 
.7870 
.3280 
.2240 
.3210 
.4140 
.  4880 
.5490 
.6580 
.7390 
.7840 
.8460 
.9460 
.  054  0 
.3940 
.  4470 
.3450 
7600 
8660 
7320 
8990 
0110 
1210 
1940 
2950 
3950 
5000 
9310 
6970 
7520 
3950 
1790 
1*580 
830  0 
7990 
6540 
0000 


820 

2350 

2400 

2380 

3772 

3772 

m 

3772 
4113 
4113 
4113 
4113 
4113 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
4113. 
41  13. 
4113. 
4113. 
3810. 
3810  . 
4360  . 
4360  . 
1300  . 
0  . 


.0000 
.0000 
.  0000 
.  0000 
.  0000 
.0000 
.  0000 
.  0000 
.  0000 
.  0000 
.  0000 
.  0000 
.0000 
.  0000 
.  0000 
.  0000 
.  0000 
.  0000 
.  0000 
00  00 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


1.0000 
0.9280 
0.8160 
0.7400 
0.6240 
0.5530 
0.4590 
0 . 3630 
0.2720 
0. 1800 
0 . 0880 
0.0000 
-0 . 0980 
-0.1900 
-0.2810 
-0.3750 
-0 . 4680 
-0.5620 
-0.6540 
-0.7500 
-0.8400 
-0.7550 
-0.6600 
-0.5720 
-0.4790 
-0 .3860 
-0.2920 
-0 . 1990 
.1060 
.0150 
0800 
1720 
2630 
3580 
4500 
5400 
6300 
0.7250 
0  BIBO 
0 . 9080 
1  .  0000 


-0 

-0 

0 

0 

0 

0 

0 

0 

0 


G-40 


Assumed  Weight  Distribution 


SPM2G163  18  DEC  00  13.52 


III-l 


SHIP  DATA  FILE  NAME 9  lhSEI 
OFFSET  DATA  FILE  NAME?  0FC0R3 
SPEED?  21 . 12021 . 120 
FREGE?  1.50503.0050.1 
HEADING?  174. 


SPM2Z  S.  J.  CURT 

CASE1 

12/18/80 

13 .S3  =  06 

PAGE 

SHIP/EFF.  WAVE  LENGTH ( NON-D  .  > 

4.289 

4.707 

5.133 

EFFECTIVE  WAVE  LENGTH ( 

FEET  ) 

232.675 

212 . 026 

194.428 

ENCOUNTER  FREQUENCY 

(i/SEC. > 

1.505 

1 . 605 

1 .705 

RESONANT  FREQUENCY 

(l/SEC .  ) 

2.205 

2.205 

2.205 

SPEED 

(FT/SEC) 

21 . 120 

21 . 120 

21 . 120 

WAVE  HEADING 

( 

DEG .  ) 

174.000 

174 . 000 

174.000 

HYDRODYNAMIC  AM. 

( 

SLUGS) 

2 . 3593E+06 

2.3593E+06 

2 . 3593E+06 

SHIP  MASS 

( 

SLUGS ) 

9 . 5377E+05 

9 . 5377E+05 

9 . 5377E+05 

SPEED  DEPENDENT  AM. 

( 

SI.  UGS ) 

-4.51 15E+03  - 

-4.51 15E+03  - 

-4 . 51 15E+03 

TOTAL  ADDED  MASS 

( 

SLUGS) 

3 . 3086E  +  06 

3  30B6E+06 

3 . 3086E+06 

HYDRODYNAMIC  DAMPING 

( 

SLtJGS/SEC ) 

7 . 1702E+04 

7 . 1702E+04 

7. 1702E+04 

SPEED  DEPENDENT  DAMP 

.  ( 

SLUGS/SEC) 

1 .7432E+04 

1 . 7432E  +  04 

1 . 7432E+04 

STRUCTURAL  DAMPING 

( 

SLUGS/SEC) 

1 . 5182E+04 

1 . 51 82E  +  04 

1 . 5182E+04 

TOTAL  DAMPING 

( 

SLUGS/SEC) 

i . 0432E+05 

1  .  0432E  +  05 

i  .  0432E+05 

DAMPING/ ADDED  MASS 

( l/SEC  .  ) 

0  .  032 

0  .  032 

0  .  032 

PHI-FORCE  «,  MOTION 

( 

RAD.  ) 

0.018 

0  .  022 

0  .  027 

MAGNIFICATION  FACTOR 

(NON-D  .  ) 

1 . 8719E  +  00 

2. 1263E+00 

2 . 4860E+00 

F  COS (EPS) 

( 

LBS  ) 

2 . 6Q02E+04  - 

•1 . 5363E+0S  - 

■7 . 7865E  *  0  4 

F  SIN(EPS) 

( 

I..BS.  ) 

2.5464E+04 

1 . 6981E+05 

9.7726E+04 

F-WAVE  EXCITING  FORCE! 

LBS .  ) 

3 . 6394E+04 

2 . 2899E-*  05 

1 . 2495E+0S 

EPS-FORCE  6  WAVE 

( 

RAD  .  > 

0 . 775 

2.306 

2.244 

DEFLECTION  AT  STERN 

( 

FEET  ) 

4 . 2349E-03 

3 . 0269E-02 

1 . 931 IE— 02 

EPSI-WAVE  «,  VI  PR  AT  I  ON  ( 

RAD.  ) 

-0  757 

-2.284 

-2.216 

M  COS ( EPS2 ) 

( 

L  BS .  ) 

2 . 985 IE +06  - 

•2 . 1205E  +  07  - 

1 . 2975E+07 

M  S IN ( EPS2 ) 

( 

LBS.  ) 

-2 . 62S3E+06  ~ 

■2.610 9E+  0 7  - 

1 . 9435E+07 

M-BENDING  MOMENT  AMID( 

LBS.  ) 

3 . 9753E+06 

3 . 3635E+07 

2  336BE+ 07 

EPS2-WAVE  6  DM. 

( 

RAD  .  ) 

5.562 

4 . 030 

4 . 124 

SHIP/EFF.  WAVE  LENGTH ( NON-D . ) 

5.567 

6.0  08 

6 . 455 

WAVE  LENGTH <  FEET 
FREQUENCY  (l/SEC 
FREQUENCY 


) 
) 

(l/SEC . > 
(FT/SEC) 


EFFECTIVE 
ENCOUNTER 
RESONANT 
SPEED 

WAVE  HEADING  (  DEG  ) 

HYDRODYNAMIC  AM.  (  SLUGS) 

SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  AM  (  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 

HYDRODYNAMIC  DAMPING  <  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP  .  (  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLOGS/SEC) 

DAMPING/ADDED  MASS  (i/SEC.) 
PHI-FORCE  6  MOTION  (  RAD  .  ) 

MAGNIFICATION  LAG  1  OR  (NON-D.) 

F  COS (EPS)  (IBS.  ) 

F  SIN (EPS)  (  LBS.  ) 

F  WAVE  EXCITING  FORCEt  LBS.  ) 
EPS-FORCK  6  WAVE  <  RAD.  ) 

DEFLECTION  AT  STERN  (  FEET  ) 
EPSi-WAVE  6  VIBRhTJOLK  RAD.  ) 

M  CfjS(EPS2>  (  EBS.  ) 

M  S  l  N ( EPS2  >  (  LBS.  ) 

M- BENDING  MOMENT  AM I D (  EBS.  ) 
EPS2-WAVE  *■  B  .  (1 .  (RAD.  > 


179.279 
1.805 
2.205 
120 
000 


166 

1 


21 
174 

3593E+06 
5377E+0S 
SliSE+03 
3086E+06 
1702E+04 
7432E+04 
5582E+04 
1 . 0432E+  05 
0  .  032 
0  .  035 
0293E+ 0  0 
4S1SE+0S 
0846E+05 
8120E+05 
5.641 
3 . 4122E-02 
-5.606 
3 . 8719E+07 
3 . 3894E+07 
5 . 1457E+07 
0.719 


120 

905 

205 

120 

000 


154  . 

o 


9. 
-4  . 
3 
7. 

i 

1 


3  . 

1  . 
-i  . 
1  . 


21 
174 

3593E+06 
5377E+05 
S115E+03 
3086E+06 
1702E+04 
7432E+04 
5182E+04 
0432E+05 
0  .  032 
0  .  049 
3 . 9386E+0 0 
1 . 5987E+05 
-i . 6534E +05 
2  3  0  0  0  E  +  0  5 
5. 481 
5 . 6312E-02 
-5 . 432 
5.7772E+07 
6 . 9552E+07 
9. 0416E+07 
0 . 878 


9. 
-4. 
3. 
7  . 

1  . 
1  . 
1  . 


2. 
9. 
-4  . 


-6. 

1 


600 
0  05 
205 
120 
000 


21 
174 

3593E+06 
S377E+05 
5115E+03 
3.30B6E+06 
7 . 1702E  *  04 
1 . 7432E+04 
1 . 5182E+04 
1 . 0432E+05 
0  .  032 
0  .  075 
5 . 7582E+  0  0 
0758E.+  04 
18Q0E+04 
6 . 1908E+04 
2 . 949 
2 . 2160E-02 
-2 . 874 
-3 . 9940E+07 
-  1 . 412VE  +  07 
4 . 2365E+07 
3.482 
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SHIP/EFF.  WAVE  LENGTHCNON-D . ) 
EFFECTIVE  WAVE  LENGTH*  FEET  ) 
ENCOUNTER  FREQUENCY  (i/SFC.) 
RESONANT  FREQUENCY  < i/SEC.) 
SPEED  (FT/SEC) 

WAVE  HEADING  <  DEG .  > 

HYDRODYNAMIC  A.M.  <  SLUGS) 

SHIP  MASS  <  SLUGS) 

SPEED  DEPENDENT  A.M.  (  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 

HYDRODYNAMIC  DAMPING  <  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP.*  SI.UGS/SEC) 
STRUCTURAL  DAMPING  <  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (l/SEC.) 

PHI-FORCE  6  MOTION  <  RAD.  > 


MAGNIFICATION  FACTOR  *NQN-D.) 
F  COS(EPS)  <  LBS.  ) 
F  SIN*EPS)  (  LBS.  > 
F-WAVE  EXCITING  FORCE*  LBS.  > 
EPS-FORCE  6  WAVE  <  RAD.  ) 
DEFLECTION  AT  STERN  <  FEET  ) 
EPSi-WAVE  6  VIBRATION*  RAD.  ) 
M  COS* EPS2*  <  LBS.  > 
M  SIN*EPS2>  (  LBS.  ) 
M-BENDING  MOMENT  AMID*  LBS.  > 


EPS2-UAVE  6  B.M. 


<  RAD.  ) 


6.909 
144 . 442 
2.105 
2.205 
21.120 
174.000 
2 . 3593E+06 
9 . 5377E+0S 
-4 . Si 1SE+03 
3 . 3086F.+06 
7. 1702E+04 
1 .7432E+Q4 
1 .5182E+04 
1  .  0432E+05 
0  .  0  32 
0  .  153 
1  . 1149E+01 
-i  .  S4S4E+05 
1  6423E+05 
2 . 2550E+05 
2.326 
1 .5630E-01 
-2.173 
-1 .7439E+08 
*2 . 6b6SE+  08 
3. 1861E+08 
4.133 


7.369 
135.427 
2.205 
2.205 
21 . 120 
174.000 
2 . 3593E+06 
9 . S377E+05 
-4 . 51 15E+03 
3 . 3086E+06 
7. 1702E+04 
1 .7432E+04 
1 . 51 82E+04 
1 . 0432E+05 
0 . 032 
1.571 
6 . 9936E+01 
3. 0321.E  +  04 
6 . 70  08E+04 
7 . 3549E+04 
1  .  146 
3. 1976E-01 
O'.  425 
6 . 5786E+08 
3.5590E+08 
7.4796E+08 
0 . 496 


7.835 
127.381 
2.305 
2.205 
21.120 
174.000 
2 . 3593E+06 
9 . 5377E+05 
-4 . 51 1SE+03 
3 . 3Q86E+06 
7. 1702E+04 
1  7432E+04 
1 .S182E+04 
1 . 0432E+05 
0.032 
2.982 
1 . 0643E+01 
1 .7449E+05 
-1 .2087E+05 
2. 1227E+05 
5.677 
1 .4044E-01 
-2.696 
-2 . 9955E+08 
-1 .7157E+08 
3 . 4521E+09 
3.662 


SHIP/EFF.  WAVE  LENGTH(NON-D . ) 
EFFECTIVE  WAVE  LENGTH*  FEET  ) 
ENCOUNTER  FREQUENCY  < l/SEC.) 
RESONANT  FREQUENCY  (i/SEC.) 
SPEED  (FT/SEC) 

WAVE  HEADING  *  DEG.  ) 

HYDRODYNAMIC  A.M.  <  SLUGS) 

SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  A.M.  (  SLUGS) 
TOTAL  ADDED  MASS  <  SLUGS) 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP.*  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  <  SLUGS/SEC) 

DAMPING/ADDED  MASS  (l/SEC.) 

PHI-FORCE  6  MOTION  *  RAD.  ) 


*  SLUGS/SEC) 
<  SLUGS/SEC) 
(l/SEC. ) 

*  RAD.  ) 


MAGNIFICATION  FACTOR  (NUN-D.) 
F  COS(EPS)  <  LBS.  > 
F  SIN(EPS)  <  LBS.  ) 
F-WAVE  EXCITING  FORCE*  LBS.  > 
EPS-FORCE  6  WAVE  (  RAD.  ) 
DEFLECTION  AT  STERN  <  FEET  ) 
EPSi-WAVE  6  VIBRATION*  RAD.  ) 
M  COS ( EPS2 )  (  LBS.  ) 
M  SIN ( EPS2 )  <  LBS.  ) 
M-BENDING  MOMENT  AMID*  LBS.  ) 
EPS2-UAVE  6  B.M.  <  RAD.  ) 


8.306 
120 . 160 
2.405 
2.205 
21 . 120 
174 .000 
2 . 3593E+06 
9 . 5377E+05 
-4 . 511SE+03 
3 . 30B6E+06 
7 . 1702E+04 
i . 7432E+04 
1 .5182E+04 
1  .  0432E+0S 
0  .  032 
3. 060 
5 . 2556E+0  0 
3.6S03E+04 
■i  .  0707E+05 
1  .  1312E+05 
5.041 
3 . 6958E-02 
-1.981 
■3 . 6257E+07 
•9 .7518E+07 
i  .  0404E+08 
4 . 356 


B.781 
113.650 
2.505 
2.205 
21.120 
174 . 000 
2 . 3593E+06 
9 . S3V7E+05 
-4.5115EMI3 
3 . 3086E+06 
7. 1702E+04 
1 .7432E+04 
i . 5182E+04 
1 . 0432E+05 
0 . 032 
3 . 086 
3 . 43561:"  + 00 
-1 . 3286E+05 
6 . 6640E+04 
1 . 4863E+05 
2 . 677 
3. 1743E-02 
0 . 409 
8.3495E+07 
4 . 1977E+07 
9 . 3453F.  +  07 
0 . 466 


9.262 
107.753 
2.605 
2.205 
21.120 
174.000 
2 . 3593E+06 
9 . 5377E+05 
-4.S115E+03 
3.3086E+06 
7. 1702E+04 
1  7432E+04 
1 .5182E+04 
1 . 0432E+05 
0  .  032 
3.099 
2 . 5247E+0  0 
-4 . 5807E+04 
1 . 1002E+05 
1 . 1917E+05 
i  .  965 
1 .8704E-02 
1  . 134 
2 . 31Q5E+07 
S.749BE+07 
6 . 1996E  +  07 
1 . 1  88 
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SHIP/EFF.  WAVE  LENGTH(NON-D . > 
EFFECTIVE  WAVE  LENGTH*  FEET  > 
ENCOUNTDR  FREQUENCY  (i/SEC.) 

RESONANT  FREQUENCY  (i/SEC.) 

SPEED  (FT/SEC) 

WAVE  HEADING  (DEG.  ) 

HYDRODYNAMIC  A.M.  (  SLUGS) 

SHIP  MASS  <  SLUGS) 

SPEED  DEPENDENT  A.M.  (  SLUGS) 

TOTAL  ADDED  MASS  (  SLUGS) 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
PEED  DEPENDENT  DAMP '.  (  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 

TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  < 1/SEC.) 

PHI-FORCE  6  MOTION  (  RAD.  > 


MAGNIFICATION  FACTOR  (NON-D.) 
F  COS(EPS)  (  LBS.  ) 
F  SIN(EPS)  (  LBS.  > 
F-UAVE  EXCITING  FORCE(  LBS.  ) 
EPS-FORCE  6  WAVE  (  RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  > 
EPS1-WAVE  6  VIBRATION*  RAD.  ) 
M  C0S(EPS2)  (  LBS.  ) 
M  SIN(EPS2)  (  LBS.  ) 
M-BENDING  MOMENT  AMID(  LBS.  > 
EPS2-UAVE  &  B.M.  (  RAD.  > 


9.747 
102.391 
2.705 
2.205 
21.120 
174.000 
2 . 3593E+06 
9 .  S377E+05 
-4 . 51 15E+03 
3 . 3086E+06 
7. 1702E+04 
1 .7432E+04 
1 .5182E+04 
1 . 0432E+0S 
0.032 
3.107 
1 .9793E+00 
1  . 1872E+05 
-2 . 4660E+04 
1 .2125E+05 
6.078 
1 . 4919E-02 
-2.972 
-5. 076SE+07 
-1  .  0961E+07 
5. 1935E+07 
3.354 


10.236 
97 . 496 
2.805 
2.205 
21 . 120 
174.000 
2 . 3593E+06 
9 . S377E+05 
-4 . 51 1SE+03 
3 . 3086E+06 
7. 1702E+04 
1 .7432E+04 
1 . S182E+04 
1 . 0432E+05 
0  .  032 
3.112 
1  6167E+00 
6 . 8538E+04 
-9 . 0S21E+04 
1 . 1354E+05 
5.360 
1 .1411E-02 
-2.248 
-2 . 5678E+07 
-3 . 5562E+07 
4 . 3B64E+07 
4.087 


10.730 
93.013 
2.905 
2.20S 
21 . 120 
174.000 
2 . 3593E+06 
9 . 5377E+05 
-4 . Si 1SE+03 
3 . 3086E+06 
7. 1702E+04 
1 .7432E+04 
1 .5182E+04 
1 .0432E+05 
0.032 
3  116 
1 .3588E+00 
-7 . 3891E+04 
4. 1871F.  +  03 
7 . 4010E+04 
3.085 
6 . 2515E-03 
0  .  031 
2 . 5416E+07 
1 .7149E+06 
2 . 5474E+07 
0 . 067 


SHIP/EFF.  WAVE  LENGTH ( NON-D . ) 
EFFECTIVE  WAVE  LENGTH (  FEET  > 
ENCOUNTER  FREQUENCY  (1/SEC.) 
RESONANT  FREQUENCY  (1/SEC.) 
SPEED  (FT/SEC) 

WAVE  HEADING  (  DEG.  ) 

HYDRODYNAMIC  A.M.  (  SLUGS) 

SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  A.M.  (  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . <  SLUGS/SEC) 
STRUCTURAL  DAMPING  <  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (i/SEC.) 

PHI-FORCE  6  MOTION  (  RAD. 


<  SLOGS/SEC) 
(  SLUGS/SEC) 
(i/SEC. > 

(  RAD. 


MAGNIFICATION  FACTOR  (NON-D . , 
F  COS(EPS)  (  LBS.  ) 
F  SIN(EPS)  <  LBS.  ) 
F-WAVE  EXCITING  FORCE*  LBS.  ) 
EPS-FORCE  6  WAVE  (  RAD.  > 
DEFLECTION  AT  STERN  (  FEET  > 
EPSi-WAVE  6  VIBRATION*  RAD.  ) 
M  COS ( EPS2 >  (  LBS.  > 
M  SIN(EPS2>  (  LBS.  ) 
M-BENDING  MOMENT  AMID*  LBS.  ) 
EPS2-WAVE  6  B.M.  (  RAD.  ) 


1 1 . 227 
8B . 893 
3. 005 
2.205 
21  .  .1.20 
174 . 000 
2.3593E+06 
9 . 5377E+05 
-4 . 51 15E+03 
3 . 3086E+06 
7. 1702E+04 
1 . 7432E+04 
1 .5182E+04 
1 . 0432E+05 
0 . 032 
3.119 
1 . 1662E+00 
-4 . 4508E+04 
6.5763E+04 
7 . 9409E+04 
2.166 
5 . 7569E-03 
0.953 
1 . 3828E+07 
2. 1449E+07 
2 . S520E+07 
0.998 
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SHIP/EFF.  WAVE  LENGTH(NON-D. > 
EFFECTIVE  WAVE  LENGTH!  FEET  ) 
ENCOUNTER  FREGUENCY  (1/SEC.) 
RESONANT  FREQUENCY 
SPEED 

WAVE  HEADING 
HYDRODYNAMIC  A.M. 

SHIP  MASS 

SPEED  DEPENDENT  A.!h. 

TOTAL  ADDED  MASS  1  .  _ 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP.(  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  ~ 

DAMPING/ADDED  MASS 
PHI-FORCE  6  MOTION 


(i/SEC.) 
(FT/SEC) 
(  DEG.  ) 
(  SLUGS) 
(  SLUGS) 
(  SLUGS) 
(  SLUGS) 


(  SLUGS/SEC) 
< 1/SEC.) 

(  RAD  ' 


MAGNIFICATION  FACTOR  (NON-D.) 


<  LBS. 


(  IBS. 


F  COS(EPS) 

F  SIN(EPS) 

F-WAVE  EXCITING  FORCE <  LBS. 
EPS-FORCE  &  WAVE  (  RAD. 


DEFLECTION  AT  STERN  (  FEET  ) 
EPS1-WAVE  6  VIBRATION!  RAD.  ) 
MC0SIEPS2)  (LBS.  ) 
R  SIN(EPS2)  (LBS.  ) 
H-BENDINC  MOMENT  AMID!  LBS.  > 
EPS2-WAVE  &  B.M.  (  RAD.  ) 


SHIP/EFF.  WAVE  LENGTH(NON-D. ) 
EFFECTIVE  WAVE  LENGTH(  FEET  ) 
ENCOUNTER  FREQUENCY  (1/SEC.) 
RESONANT  FREQUENCY 
SPEED 

WAVE  HEADING 
HYDRODYNAMIC  AH. 

SHIP  MASS 

SPEED  DEPENDENT  AM. 

TOTAL  ADDED  HASS 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP, (  SLUGS/SEC) 
STRUCTURAL  DAMPING  ‘ 

10TAL  DAMPING 
DAMPING/ADDED  MASS 
PHI -FORCE  6  MOTION 


(1/SEC.) 
(FT/SEC) 
(  DEG.  ) 
(  SLUGS) 
SLUCS) 
SLUGS) 
SLUGS) 


-4.264 
234J1£1^ 
cTset 

21120 
169.000 
2.3S93E+06 
9.5377E+05 
-4.5115E+03  -4 


) 


MAGNIFICATION  FACTOR  (NON-D.) 
F  COS(EPS)  I  (  LBS.  ) 
F  SIN(EPS)  !  (  LBS.  ) 
F-UAME  EXCITING  FORCE!  LBS.  ) 
EPS-FORCE  4  WAVE  (RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  ) 
EPS1-WAVE  6  VIBRATION!  RAD.  ) 
A  C0S1EPS2)  .  <  LBS.  ) 
H  SIN(EPS2)  (LBS.  ) 
M- BENDING  MOMENT  AMID<  LBS.  ) 
EPS2-VAVE  6  B.M.  (  RAD.  > 


3086E+06 
7. 17D5E+04 
1  7432E+04 
1  S182Ei04 
1 . 0432E+05 
0.032 
0.018 
8719E+00 


8603E+04  -1 


1 . 2601E+04 
4.0608E+04 
0.316 
4.72S2E-03 
-0.297 
4. 1993E+06  -2 
-1.1112E+06  -2 
4.3439E+06-)  3 
6.024/ 


4.680 
213.247 
UT  1.605 
2.205 
21.120 
169.000 
.3S93E+06 
.5377E+0S 
5115E+03 
3086E+06 
1705E+04 
7432E+04 
5182E+04 
. 0432E+05 
0.032 
0  022 
. 1263E+0O 
5172E+05 
6693E+05 
. 2557E+05 
2.308 
.9817E-02 
-2.286 
.  1037E+07 
5803E+07 
3292E+07 
4.028 


SLUGS/SEC) 
(  SLUGS/SEC) 
(1/SEC.) 

(  RAD. 


5.536 
180.263 
1 . 805 
2  205 
21.120 
169.000 
2.3S92E+06 
9  S377E+05 
4  5115E+03 
3. 3086E+06 
7. 17O5E+04 
1 . 7432E+04 
1.5182E+04 
1.0432E+05 
0.032 
0  035 
3. 0293E+00 
1  364SE+05 
9.SS86E+04 
1  66S0E+O5 
5.672 
3  1373E-02 
-5  637 
3  6537E+07 
3. 0336E+07 
4.7489E+07 
0  693 


-  32^0  *- 

5:976 
167.012 
1.905 
2.205 
21.120 
169.000 
2  3593E+ 06 
9. 5377E+05 
•4  5115E+03 
3. 3086E+06 
7. 1705E+04 
1 . 7432E+04 
1 . 5182E+04 
1  0432E+05 
0.032 
0.049 
3.9386E+00 
1 . 7186E+05 
■1 . 7176E+05 
2. 4298E+05 
5.498 
5.9490E-02 
-5.449 
6 . 2771E+07 
7. 25S8E+07 
9  5941E+07 
0.858 


5.104 
195.521 
1.705 
2.205 
21.120 
169.000 
2.3S93E+06 
9.5377E+05 
-4.S115E+03 
3.3086E+06 
7.1705E+04 
1.7432E+04 
1.5182E+04 
1.0432E+0S 
0.032 
0.027 
2.4860E+00 
-9. 1489E+04 
1 . 1096E+05 
1.43B1E+05 
2.260 
2.222SE-02 
-2.233 
—1 . 5456E+07 
-2.2070E+07 
2.6943E+07 
4.101 

I." 

6.422 
155.412 
2.005 
2.205 
21.120 
169.000 
2.3593E+06 
9.5377E+05 
-4.51 15E+03 
3. 3086E+06 
7. 1705E+04 
i . 7432E+C4 
1.5182E+04 
1 . 0432E+05 
0.032 
0.075 
5.7582E+00 
-4.S503E+04 
-6  0519E+03 
4.5904E+04 
3.274 
1.6431E-02 
-3.199 
-3. 1182E+07 
-9.2091E+05 
3. 1195E+07 
3.171 


o-i)7 
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SHIP/EFF.  UAVE  LENGTH! NON-D. ) 

6.874 

7.332 

7.796 

EFFECTIVE  HAVE  LENGTH!  FEET  ) 

145.185 

136.111 

128.011 

ENCOUNTER  FREQUENCY 

<  t/SFC. ) 

2.115 

2.205 

2.305 

RESONANT  FREQUENCY 

(1/SEC.) 

2.205 

2.205 

2.205 

SPEED 

(FT/SEC) 

$:lit 

21.120 

21.128 

UAVE  HEADING 

(  DEG.  ) 

169.000 

169.000 

HYDRODYNAMIC  A  h. 
SHIP  MASS 


<  SLUGS) 
(  SLUGS) 


SPEED  DEPENDENT  A.H.  (  SLUGS) 
TOTAL  ADDED  MASS  <  SLUGS) 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP.I  SLUGS/SEC) 
STRUCTURAL  DAMPING  <  SLUGS/SEC) 
TOTAL  DAMPING  <  SLUGS/SEC) 

IAMPINC/ADDED  MASS  (i/SEC.) 

PHI-FORCE  A  MOTION  (  RAD.  ) 

MAGNIFICATION  FACTOR  (NON-D.) 

f  COSTEPS)  (  LBS.  ) 

F  SIN(EPS)  (  LBS.  ) 

F-UAVE  EXCITING  FORCE!  LBS.  ) 
EPS-FORCE  A  HAVE  !  RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  ) 
EPS1-UAVE  &  VIBRATION!  RAD.  ) 

H  C0S!tPS2)  (LBS.  > 

N  S1N(EPS2)  (  LBS.  ) 

M-BENDING  MOMENT  AMID!  LBS.  ) 
EPS2-HAVE  ABM.  (  RAD.  > 


7.1705E+04 
1.7432E+04 
1 .5182E+04 
1.0432E+05 
0.032 
0.153 
1.1149E+01 
-1.6124E+0S 
1.6117E+0S 
2.279BE+05 
2. 35  A 

i  saoiE-oi 

-2.204 
-1  8SA7E+08 
-2.6517E+08 
3.2372E+08 
4.102 


7.1705E+04 

1.7432E+04 

1.S182E+04 

1.0432E+05 


2.3S93E+0A  2.3S93E+05  2.3S93E+06 
9.S377E+0S  9.S377E+0S  9.5377E+05 
-4.S11SE+03  -4.511SE+03  -4.S11SE+03 
3.3086E+06  3.3086E+06  3.3086E+06 
7. 1705E+04  7.1705E+04  7.170SE+04 
1.7432E+04  1.7432E+04  1.7432E+04 
1.5182E+04  1.5182E+04  1.S182E+04 
1.0432E+05  1.0432E+0S  1.0432E+05 
0.032  0.032  0.032 

0.153  1.571  2902 

1.1149E+01  A.9933E+01  l.»643E«.i 
-1 .6124E+05  1.2082E+04  1.7594E+05 
1.6117E+0S  8.4000E+04  -1.10C8E+OS 
2.279BE+0S  8.4864E+04  2.0754E+0S 
2. 35 A  1.428  5.724 

1.5801E-01  3. A894E-01  1.3732E-01 
-2.204  0.143  -2.742 

-1  8SA7E+08  0.349OE+O8  -2.9974E+08 
-2. 6517E+08  1.8994E+08  -1.5236E+08 
3.2372E*08  8.S624E+08  3.3624E+08 
4.102  0.224  3.612 


SHIP/EFF.  HAVE  LENGTH(NON-D. ) 
EFFECTIVE  HAVE  LENGTH!  FEET  ) 
ENCOUNTER  FREQUENCY  (1/SEC.) 
RESONANT  FREQUENCY  (i/SEC.) 
SPEED  (FT/SEC) 
HAVE  HEADING  (  DEG.  ) 
HYDRODYNAMIC  A.M.  !  SLUGS) 
SHIP  MASS  (  SLUGS) 


SPEED  DEPENDENT  AM.  (  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP.!  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (1/SEC.) 
PHI-FORCE  A  MOTION  (  RAD.  ) 
MAGNIFICATION  FACTOR  (NON-D. ) 

F  COS (EPS)  (  LBS.  ) 

F  SIN(EPS)  <  LBS.  > 

F-UAVE  EXCITING  FORCE!  LBS.  ) 
EPS-FORCE  A  HAVE  (RAD.  > 

DEFLECTION  AT  STERN  (  FEET  > 
EPS1-UAVE  A  VIBRATION!  RAD.  > 

K  C03(£PS2)  (  LBS.  ) 

R  SIN(£PS2>  (LBS.  ) 

M-BENDING  MOMENT  AMID!  LBS.  > 
EPS2-UAVE  A  B.M.  (  RAD.  ) 


8  265 
12D.744 
2.405 

2.205 

21.120 
169.000 
2.3593E+06 
9.5377E+05 
-4.5115E+03 
3.3086E+06 
7.1705E+04 
1.7432E+04 
1.5182E+04 
1.0432E+05 
0.032 
3.060 
S.2556E+00 
5.S783E+04 
-i . 1922E+05 
1 . 3163E+05 
5.  ISO 
4.3004E-02 
-2.090 
-S.361SE+07 
-l . 0836E+08 
1.2090E+08 
4.253 


8.740 
114.193 
2-.  505 

2.205 

21 . 120 
169.000 
2.3593E+06 
9.5377E+05 
-4.5115E+03 
3.3086E+06 
7. 170SE+04 
1.7432E+04 
1.5182E+04 
1.0432E+05 
0.032 
3.086 
3.4356E+00 
-1.2901E+05 
5. 1978E+04 
1.3909E+05 
2.759 
2.9706E-02 
0.327 
8. 10S9E+07 
3.2350E+07 
8.7276E+07 
0.380 


9.219 
109  259 
2.605 

2.205 

21.120 
169  000 
2.3593E+06 
9.5377E+05 
-4.511SE+03 
3. 3086E+06 
7. 1705E+04 
1.7432E+04 
1.51B2E+04 
1.0432E+05 
0.032 
3.099 
2.5247E+00 
-6.3284E+04 
1.1643E+0S 
1 .3252E+0S 
2.069 
2.0799E-02 
1.030 
3.1943E+07 
6.0921E+Q7 
6.8787E+07 
1.088 
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WIF/EFF  HAVE  LENGTH ( NON-D. ) 
EFFECTIVE  WAVE  LENGTH!  FEET  ) 

gMW  mj 

epCfn  (FT/SE6) 

(  SLUES  I 
(  SLUGS) 
'  SLUGS) 


SPEED 
SAVE  HEADING 

m>ommC 

§>££D  DEPENDENT  A.H. 
TOTAL  ADDED  HASS 
NYDRODTNAMIC  DAMPING 


!  . . 

(  SLUGS) 

(  SLUGS/S EC) 


SPEED  DEPENDENT  DAMP.!  SLUCS/SEC 
fn™T&££MPI,,G  ‘  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  1/SEC  ) 

PHI-FORCE  6  MOTION  I  RAD  ) 

MAGNIFICATION  FACTOR  (NON-D.) 

F  CCS(EPS)  (  LBS  ) 

F  SIN(EPS)  (  LBS  ) 

t NAVE  EXCITING  FORCE (  LBS'  ) 

EPS-FCRCE  6  WAVE  (  RAD  ) 


IEFLECTION  AT  STERN  !  FEET 
PS1;WAVE  4  VIBRATION!  RAD. 
N  C0S(EPS2 )  (  LBS 
M  SIN(EPS2)  (  LBS 
M-BENDING  MOMENT  AMID!  LBSl 
EPS2-UAVE  i  B.H.  !  RAD. 


FEET  ) 
) 
) 
) 
) 
) 


9.7*2 

1*2.864 

m 
21.12* 
„  169. 000 
2.3S93E+06 
9. S377E+0S 
-4.S11SE+03 
3. 3086E+06 
7. 170SE+04 
1 .7432E+04 
1 .  S182E+04 
1 . 0432E+05 
(.032 
,  -  3.1*7 
1.9793E+08 
1 . 1 188E+05 
-9.9136E+03 
1 . 1232E+05 
6. 195 
1.3820E-02 
-3.088 
-4.7923E+07 
-4. 4302E+06 
4.8127E+07 
3.234 


it. iff 

97.940 

,I?/S 

21.12* 

„  169.0*0 
2.3S93E+06 
9.S377E+05 
-4.S11SE+03  • 
3.3086E+06 
7.170SE+04 
1.7432E+04 
1.S182E+04 
1.0432E+05 
0.032 
3.112 
1.6167E+0* 
8.3304E+04 
•9.2679E+04 
1.2462E+05 
S.445 
1.2524E-"’ 

,  -2.332 

■3. 1229E+07 
■3.6483E+07 
4.8024E+07 
4.004 


10.682 

93.429 


IIIS 
21.12* 
169  000 
2.3SV3E+06 
9.S377E+05 
•4.S11SE+03 
3  30S6E+06 
7. 170SE+04 
1 . 7432E+04 
1.S182E+04 
1 . 0432E+05 
0.032 
3.116 
1.3S88E+00 
-6.6206E+04 
-8.3578E+03 
6.6732E+04 
3.267 
5.6368E-03 
-  -MSI 
2.2844E+07 
-2.7042E+06 
2.3004E+07 
6.165 


0-649 


H 


/ 

I 


SPM2Z  S.  J.  CORT  CASE3 


09/03/00 


i 1 1 33  >  08 


PAGE  2 


SHIP/EFF.  WAVE  LENGTH(NON-D . > 

2.892 

3.270 

3.659 

EFFECTIVE  WAVE  LENGTH<  FEET  ) 

34S.10S 

305.185 

272.735 

ENCOUNTER  FREQUENCY 

(i/SEC. ) 

1.160 

1.260 

1.360 

RESONANT  FREQUENCY 

(1/SEC. > 

1.960 

1.960 

1.960 

SPEED 

(FT/SEC) 

21 . 560 

21.560 

21.560 

WAVE  HEADING 

(DEG.  ) 

174.000 

174.000 

174.000 

HYDRODYNAMIC  A.H. 

(  SLUGS) 

1 .9074E+06 

1.9074E+06 

1.9074E+06 

SHIP  HASS 

<  SLUGS) 

1 . 01 17E+06 

1 .0117E+06 

1.0117E+06 

SPEED  DEPENDENT  A.H. 

(  SLUGS) 

-2 . 8596E+03 

-2 . 8596E+03 

-2 . 8596E+03 

TOTAL  ADDED  MASS 

(  SLUGS) 

2 . 9162E+06 

2 . 9162E+06 

2 . 9162E+06 

HYDRODYNAMIC  DAMPING 

(  SLUGS/SEC) 

9. 036SE+04 

9 . 0365E+04 

9 . 0365E+04 

SPEED  DEPENDENT  DAMP 

.(  SLUGS/SEC) 

4 . B269E+04 

4 . 8269E+04 

4 . 8269E+04 

STRUCTURAL  DAMPING 

(  SLUGS/SEC) 

1 . Q930E+04 

1 .0930E+04 

1 . 0930E+04 

TOTAL  DAMPING 

(  SLUGS/SEC) 

1.4956E+05 

1.4956E+0S 

1 . 4956E+05 

DAMPING/ADDED  MASS 

(i/SEC.) 

0.051 

0.051 

0.051 

PHI-FORCE  6  MOTION 

(RAD.  ) 

0.024 

0.029 

0.035 

MAGNIFICATION  FACTOR 

(NON-D. > 

i .5387E+00 

1 .7036E+00 

1  9273E+00 

F  COS(EPS) 

(LBS.  ) 

-i .  8978E+05 

-1 . 93S5E+0S 

6. 0463E+04 

F  SIN (EPS) 

(LBS.  ) 

-8 . 8299E+04 

-7 . 4736E+04 

8.3237E+03 

F-WAVE  EXCITING  FORCE<  LBS.  > 

2 . 0932E+05 

2 . 0748E+05 

6. 1033E+04 

EPS-FORCE  6  WAVE 

(  RAD.  ) 

3.577 

3.510 

0 . 137 

DEFLECTION  AT  STERN 

(  FEET  > 

2 . 874BE-02 

3. 1552E-02 

1.0500E-02 

EPS1-WAVE  &  VIBRATION<  RAD.  > 

-3.553 

-3.481 

-0,..  102 

M  C0SCEPS2) 

(LBS.  ) 

-i . 0515E+07 

-1 .5940E+07 

5 . 9717E+06 

M  SIN(EPS2) 

(LBS.  > 

i . 5158E+06 

4 . 4927E+06 

3. 0298E+0S 

M-BENDING  MOMENT  AMID(  LBS.  ) 

1  0624E+07 

1  6561E+07 

5 . 9793E+06 

EPS2-WAVE  4  B.M. 

(RAD.  ) 

2.998 

2.867 

0.051 

SHIP/EFF.  WAVE  LENGTH(NON-D. ) 

4.058 

4 . 466 

4.883 

EFFECTIVE  WAVE  LENGTH(  FEET  ) 

245.922 

223.454 

204.396 

ENCOUNTER  FREQUENCY 

(i/SEC. ) 

i.460 

1.560 

1.660 

RESONANT  FREQUENCY 

(i/SEC. ) 

1.960 

1.960 

1.960 

SPEED 

(FT/SEC) 

21.560 

21.560 

21.560 

WAVE  HEADING 

(DEG.  ) 

174.000 

174.000 

174.000 

HYDRODYNAMIC  AM. 

(  SLUGS) 

1 .9Q74E+06 

1 .9074E+06 

1 . 9074E+06 

SHIP  MASS 

(  SLUGS) 

1 . 01 17E+06 

1 .0117E+06 

1 . 0 1 17E+06 

SPEED  DEPENDENT  A.M. 

(  SLUGS) 

-2 . 8596E+03 

-2.8596E+03 

-2 . 8596E+03 

TOTAL  ADDED  MASS 

<  SLUGS) 

2 . 9162E+06 

2 . 91 62E+06 

2 . 9162E+06 

HYDRODYNAMIC  DAMPING 

(  SLUGS/SEC) 

9. 0365E+04 

9 . 0365E+04 

9. 0365E+04 

SPEED  DEPENDENT  DAMP. 

(  SLUGS/SEC) 

4 . 8269E+Q4 

4 . 8269E+04 

4 . 8269E+04 

STRUCTURAL  DAMPING 

(  SLUGS/SEC) 

1  .  0930E+04 

1 . 0930E+04 

1 . 0930E+04 

TOTAL  DAMPING 

(  SLUGS/SEC) 

1 .4956E+05 

1 .4956E+05 

1 .4956E+05 

DAMPING/ADDED  MASS 

(i/SEC. ) 

0.051 

0.051 

0 . 0S1 

PHI-FORCE  &  MOTION 

(RAD.  ) 

0 . 044 

0.057 

0 . 078 

MAGNIFICATION  FACTOR 

(NON-D.  ) 

2 . 2444E+00 

2.7240E+00 

3 . 5266E+00 

F  COS(EPS) 

(LBS.  ) 

2. 0971E+05 

6 . 6023E+04 

-1 .4229E+0S 

F  SIN(EPS) 

(  LBS.  ) 

7 . 7502E+04 

6. 1259E+04 

-2 . 1925E+04 

F-WAVE  EXCITING  FORCE<  LBS.  ) 

2 . 2357E+05 

9 . 0065E+04 

1 . 4396E+05 

EPS-FORCE  6  WAVE 

(  RAD.  ) 

0.354 

0.748 

3.294 

DEFLECTION  AT  STERN 

(  FEET  ) 

4 . 4790E-02 

2. 1899E-02 

4 . 5319E-02 

EPSi-WAVE  6  VIBRATION<  RAD.  ) 

-0.310 

-0.691 

-3.216 

M  COS< EPS2) 

(LBS.  ) 

3 . 2764E+07 

1.S500E+07 

-4 . 565BE+07 

M  SIN(EPS2) 

(  LBS.  ) 

-7 . 2725E+06  • 

-1 . 1991E+07 

2. 1123E  +  05 

M-BENDING  MOMENT  AMID(  LBS.  >  „ 

3 . 3S61E+07 

1 .9597E+07 

4 . 5659E+07 

EPS2-WAVE  6  B.M. 

(  RAD.  > 

6.065 

5.625 

3. 137 
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SHIP/EFF.  WAVE  LENGTH!NON-D . >  5.307  5.738  6.177 


EFFECTIVE  UAVE  LENGTH! 

FEET  > 

188.057 

173.918 

161.579 

ENCOUNTER  FREQUENCY 

( 1/SEC. ) 

1.760 

1.860 

1.960 

RESONANT  FREQUENCY 

( 1/SEC. > 

1.960 

1.960 

1.960 

SPEED 

1FT/.SEC) 

21.560 

21.560 

21.560 

UAVE  HEADING 

! 

DEG.  > 

174.000 

174 . 000 

174.000 

HYDRODYNAMIC  A.M. 

! 

SLUGS) 

1 .9074E+06 

1 .9074E-*06 

1 .9074E+06 

SHIP  MASS 

! 

SLUGS) 

1  .  0117E+06 

1  ,0117E*06 

1 . 0117E+06 

SPEED  DEPENDENT  A.M. 

! 

SLUGS) 

-2 . 8596E+03 

-2 . 8596E+03 

-2 . 8596E+03 

TOTAL  ADDED  MASS 

( 

SLUGS) 

2 . 9162E+06 

2 . 9162F.  +  06 

2.9162E+06 

HYDRODYNAMIC  DAMPING 

! 

SLUGS/SEC) 

9 . 036SE+04 

9 . 036SE+04 

9 . 0365E+04 

SPEED  DEPENDENT  DAMP 

. ! 

SLUGS/SEC) 

4 . 8269E+04 

4.8269E+04 

4 . 8269E+04 

STRUCTURAL  DAMPING 

i 

SLUGS/SEC) 

1 . 0930E+04 

1 . 0930E+04 

1 . 0930E+04 

TOTAL  DAMPING 

! 

SLUGS/SEC) 

1 .49S6E+05 

1 . 4956E+05 

1 . 4956E+05 

DAMPING/ADDED  MASS 

! 1 /SEC . > 

0.051 

0.  051 

0.051 

PHI-FORCE  6  MOTION 

! 

RAD.  ) 

0 . 121 

0.245 

1.571 

MAGNIFICATION  FACTOR 

! NON-D . ) 

5 . 1259E+00 

9 . 7569E+C0 

3 . 8216E+01 

F  COS(EPS) 

! 

LBS.  ) 

-1.2403E+05 

5 . 6164E+04 

1 . 1545E+05 

F  SIN(EPS) 

! 

LBS.  ) 

-7 . 6355E+04 

-3 . 5416E+04 

5. 0742E+04 

F-UAVE  EXCITING  FORCE! 

LBS.  ) 

1 . 4565E+0S 

6 . 6398E+D4 

1 .2611E+05 

EPS-FORCE  &  UAVE 

! 

RAD.  ) 

3.693 

5.721 

0.414 

DEFLECTION  AT  STERN 

! 

FEET  ) 

6 . 6639E-02 

5.7828E-02 

4 . 3019E-01 

EPS1-UAVE  6  VIBRATION! 

RAD.  ) 

-3.573 

-5.476 

1  .  157 

M  C0S!EPS2) 

! 

LBS.  > 

-7 . 2694E+07 

5. 0926E+07 

2 . 5149E+08 

M  SIN(EPS2) 

! 

LBS.  ) 

3. 0195E+07 

5 . 7971E+Q7 

5 . 9842E  +  08 

M-BENDING  MOMENT  AMID! 

LBS.  ) 

7 . 8715E+07 

7 . 7162E+07 

6.4912E+08 

EPS2-UAVE  6  B.M. 

( 

RAD.  > 

2.748 

0.850 

1  .  173 

SHIP/EFF.  UAVE  LENGTH(NON-D . > 

6  621 

7.072 

7.528 

EFFECTIVE  UAVE  LENGTH!  FEET  ) 

150.731 

141 . 129 

132.578 

ENCOUNTER  FREQUENCY 

(1/SEC. > 

2.060 

2.160 

2.260 

RESONANT  FREQUENCY 

(i/SEC. ) 

1.960 

i:960 

1.960 

SPEED 

(FT/SEC) 

21:560 

21.560 

21.560 

UAVE  HEADING 

!  DEG.  ) 

174 . 000 

174 . 000 

174.000 

HYDRODYNAMIC  A.M. 

!  SLUGS) 

1 .9074E+06 

1 . 9074E+06 

1 .9074E+06 

SHIP  MASS 

(  SLUGS) 

1 . 0117E+06 

1  .  0117E  +  06 

1 . 0117E+06 

SPEED  DEPENDENT  A.M. 

!  SLUGS) 

-2 . 8S96E+03 

-2 . 8596E  +  03 

-2 . 8596E+03 

TOTAL  ADDED  MASS 

(  SLUGS) 

2.9162E+06 

2 . 9162E+Q6 

2.9162E+06 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC)  9.0365E+04  9.0365E+04  9.0365E+04 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEC)  4.8269E+04  4.8269E+04  4.8269E+04 


STRUCTURAL  DAMPING 

!  SLUGS/SEC) 

1 . 0930E+04 

1  .  0930E  +  04 

1 . 0930E+04 

TOTAL  DAMPING 

(  SLUGS/SEC) 

1 . 4956E+05 

1 . 4956E+05 

1.4956E+05 

DAMPING/ADDED  MASS 

! i/SEC 

.  ) 

0 . 051 

0  .  051 

0  .  051 

PHI-FORCE  6  MOTION 

!  RAD. 

> 

2.885 

3.008 

3.050 

MAGNIFICATION  FACTOR 

! NON-D 

.  ) 

9 . 2424E-*  0  0 

4 . 6206E+00 

3 . 0218E+00 

F  COS! EPS) 

(  LBS. 

) 

-8. 1520E-t  02 

-7 . 8658E+04 

-1  6335E+04 

F  SIN(EPS) 

(  LBS. 

) 

6.7289E+04 

-1 . 20  03E  +  04 

-7 . 3963E+04 

F-UAVE  EXCITING  FORCE!  LBS. 

> 

6  7294E+04 

7 . 9568E+04 

7.S745E+04 

EPS-FORCE  6  UAVE 

(  RAD. 

) 

1.583 

3.293 

4.495 

DEFLECTION  AT  STERN 

!  FEET 

> 

5 . SS17E-02 

3 . 2817E-02 

2.0431E-02 

EPSi-UAVE  6  VIBRATION!  RAD. 

) 

1.302 

-0 . 285 

-1 . 445 

M  C0S!EPS2) 

!  LBS. 

) 

2 . 3273E+  07 

5 . 9260E+07 

6. 1335E+06 

M  SIN!EPS2) 

(•  LBS. 

) 

8 . 9797E+07 

-1 . 6231E+07 

-4 . 1976E+07 

M-BENDING  MOMENT  AMID!  LBS. 

) 

9 . 2V64E+07 

6. 1443E+07 

4 . 2422E+07 

EPS2-UAVE  &  B.M. 

(  RAD. 

) 

1.317 

6.016 

4 . 857 

G-52 
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CASE3 

09/03/80 

11:33:08 

PAGE 

SHIP/EFF .  WAVE  LENGTH(NON-D 

.  ) 

7.989 

8.455 

8.926 

EFFECTIVE  WAVE  LENGTH! 

FEET 

) 

124.922 

118.033 

111.804 

ENCOUNTER  FREQUENCY 

(1/SEC 

.  ) 

2.360 

2.460 

2.560 

RESONANT  FREQUENCY 

< 1/SEC 

.  ) 

1.960 

1.960 

1.960 

SPEED 

(FT/SEC) 

21.S60 

21 . 560 

21.560 

WAVE  HEADING 

< 

DEG. 

) 

174.000 

174.000 

174.000 

HYDRODYNAMIC  A.M. 

( 

SLUGS) 

1 .9074E+06 

1  9074E+06 

1 .9074E+06 

SHIP  MASS 

< 

SLUGS) 

1 .0117E+06 

1 .0117E  +  06 

1 . 01 17E+06 

SPEED  DEPENDENT  A.M. 

( 

SLUGS) 

-2 . 8596E+03  ■ 

-2 . 8596E+03  - 

-2 . 8596E+03 

TOTAL  ADDED  MASS 

< 

SLUGS) 

2 . 9162E+06 

2 . 9162E  +  06 

2 . 9162E+06 

HYDRODYNAMIC  DAMPING 

< 

SLUGS/SEC) 

9. 036SE+04 

9 . 0365E+04 

9 . 0365E+04 

SPEED  DEPENDENT  DAMP 

SLUGS/SEC) 

4 . 8269E+04 

4 . 8269E+04 

4 . 8269E+04 

STRUCTURAL  DAMPING 

( 

SLUGS/SEC) 

1 . 0930E+04 

1 .  0930E+04 

1 . 0930E+04 

TOTAL  DAMPING 

< 

SLUGS/SEC) 

1 .4956E+05 

1 .49S6E  +  05 

1 .4956E+05 

DAMPING/ADDED  MASS 

< 1/SEC. 

> 

0.051 

0 . 051 

0.051 

PHI-FORCE  6  MOTION 

( 

RAD. 

>  • 

3.072 

3.085 

3.093 

MAGNIFICATION  FACTOR 

(NON-D. 

) 

2 . 2177E+00 

1 .7355E  +  00 

1 .4149E+00 

F  COS(EPS) 

< 

LBS. 

> 

4.3SB2E+04 

8 . 4134E+03  - 

■2. 1591E+04 

F  SIN(EPS) 

< 

LBS. 

) 

-2.2310E+04 

6 . 5861E+04 

4 . 6889E+04 

F-WAVE  EXCITING  FORCE< 

LBS. 

) 

4 . 8961E+04 

6 . 6396E+04 

5. 1621E+04 

EPS-FORCE  6  WAVE 

< 

RAD. 

) 

5.810 

1.444 

2.0  02 

DEFLECTION  AT  STERN 

( 

FEET 

) 

9 . 6921E-03 

1  .  02BSE-02 

6 . 5194E-03 

EPSi-WAVE  6  VIBRATION( 

RAD. 

> 

-2.738 

1.641 

1.091 

M  C0S<EPS2> 

( 

LBS. 

> 

-2. 0258E+07  - 

-2 . 3295E+06 

8. 0244E+06 

M  SIN(EPS2) 

< 

LBS. 

> 

-9. 0939E+06 

2 . 5785E+07 

1 . 6043E+07 

M  BENDING  MOMENT  AMID( 

LBS. 

) 

2 . 2205E+07 

2 . 5890E+07 

1 .7938E+07 

EPS2-WAVE  &  B.M. 

< 

RAD. 

) 

3.564 

1.661 

1.107 

SHIP/EFF.  WAVE  LENGTH ( NON-D . > 

9.402 

9.882 

10.366 

EFFECTIVE  WAVE  LENGTH(  FEET  ) 

106.149 

100.995 

96.280 

ENCOUNTER  FREQUENCY 

< 1/SEC. ) 

2.660 

2.760 

2.860 

RESONANT  FREQUENCY 

(i/SEC. ) 

1.960 

1.960 

1.960 

SPEED 

(FT/SEC) 

21.560 

21.560 

21.560 

WAVE  HEADING 

<  DEG.  ) 

174.000 

174.000 

174.000 

HYDRODYNAMIC  A.M. 

(  SLUGS) 

1 .9074E+06 

1 .9074E+06 

1 .9074E+06 

SHIP  MASS 

<  SLUGS) 

1  .  0117E+06 

1 . 0117F.+  06 

1 . 0117E+06 

SPEED  DEPENDENT  A.M. 

(  SLUGS) 

■2 . 8596E+03 

-2 . 8596E+03 

-2 . 8596E+03 

TOTAL  ADDED  MASS 

<  SLUGS) 

2. 9162E+06 

2.9162E+06 

2 . 9162E+06 

HYDRODYNAMIC  DAMPING 

(  SLUGS/SEC) 

9. 036SE+04 

9. 0365E+04 

9. 0365E+04 

SPEED  DEPENDENT  DAMP. 

<  SLUGS/SEC) 

4 . 8269E+04 

4 . 8269E+04 

4 . 8269E+04 

STRUCTURAL  DAMPING 

<  SLUGS/SEC) 

1 . 0930E+04 

1  .  0930E+04 

1 . 0930E+04 

TOTAL  DAMPING 

<  SLUGS/SEC) 

1 . 4956E+05 

1  4956E+05 

1 .4956E+05 

DAMPING/ADDED  MASS 

< 1/SEC . ) 

0.051 

0.051 

0.051 

PHI-FORCE  6  MOTION 

<  RAD.  ) 

3. 099 

3.104 

3.108 

MAGNIFICATION  FACTOR 

(NON-D. ) 

1 . i 86RE+0  0 

1  .  0167E  +  00 

8 . 8506E-0 1 

F  COS(EPS) 

<  LBS.  ) 

1 . 0458E  +  0  4 

1  2645E+04 

-3. 1456E+04 

F  SIN(EPS) 

(  LBS.  ) 

•5 . 2142E+04 

-6 . 2686E  +  04 

3 . 8043E+04 

F-WAVE  EXCITING  FORCE (  LBS.  ) 

5 . 3i B0E+04 

6 . 3949E+04 

4 . 9363E+04 

EPS-FORCE  6  WAVE 

(  RAD.  ) 

4.910 

4.911 

2.262 

DEFLECTION  AT  STERN 

(  FEET  ) 

5 . 6339E-03 

5 . 8U33E-03 

3 . 8998E-03 

EPSi-WAVE  6  VIBRATION(  RAD.  ) 

-1.811 

-1.807 

0.846 

M  COSIEPS2) 

(  LBS.  ) 

■3. 6190E+06 

-4 . 1348E+06 

8 . 7565E+06 

M  SIN(EPS2) 

(  LBS.  ) 

1  6422E+07 

-1  .B3B7E  +  07 

1 . 03S1E+07 

M  BENDING  MOMENT  AMID<  LBS.  ) 

1 . 6816E+07 

1  B846E+07 

1 .3558E+07 

EPS2-WAVE  6  B.M. 

(RAD.  )  q_53 

4.495 

4.491 

0.869 

m-n 
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SHIP/EFF.  WAVE  LENGTH(NON-D . ) 
EFFECTIVE  WAVE  LENGTH(  FEET  ) 
ENCOUNTER  FREQUENCY  (1/SEC. > 
RESONANT  FREQUENCY  (i/SEC.) 
SPEED  (FT/SEC) 

WAVE  HEADING  (DEG.  ) 

HYDRODYNAMIC  A . N .  (  SLUGS) 

SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  A.h.  (  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (1/SEC.) 
PHI-FORCE  6  MOTION  (  RAD.  > 
MAGNIFICATION  FACTOR  (NON-D.) 

F  COS(EPS)  (LBS.  ) 

F  SIN(EPS)  (LBS.  > 

F-UAVE  EXCITING  FORCE(  LBS.  ) 
EPS-FORCE  6  WAVE  (  RAD.  ) 

DEFLECTION  AT  STERN  (  FEET  > 
EPSi-UAVE  6  VIBRATION(  RAD.  ) 

M  C0S(EPS2)  (  LBS.  ) 

M  SIN< EPS2)  (  LBS.  ) 

M-BENDING  MOMENT  AMID(  LBS.  ) 
EPS2-UAVE  &  B  .  M .  (  RAD.  ) 


09/03/80  11 i 33 i 08  PAGE  S 


10.853 

91.953 

2.960 

1.960 
21.560 

174.000 
1 . 9074E+06 
1 . 01 17E+06 
-2 . 8596E+03 
2 . 91 62E+06 
9 . 0365E+04 
4 . 8269E+04 
1 . 0930E+04 
1 . 4956E+05 
0.051 
3.111 
7 . B044E-01 
-1 .2663E+04 
7 . 2219E+04 
7.3321E+04 
1.744 
5. 1078E-03 
1.366 
3 . 6373E+06 
1  896SEt-07 
1 .9311E+07 
1.381 


111-12 
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SHIP/EFF.  WAVE  LENGTH ( NON-D . ) 
EFFECTIVE  WAVE  LENGTH!  FEET  ) 
ENCOUNTER  FREQUENCY  (1/SEC. > 
RESONANT  FREQUENCY  (i/SEC.) 
SPEED  (FT/SEC) 

WAVE  HEADING  <  DEG.  ) 

HYDRODYNAMIC  A.M.  <  SLUGS) 
SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  A.M.  <  SLUGS) 
TOTAL  ADDED  MASS  <  SLUGS) 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . <  SLUGS/SEC) 
STRUCTURAL  DAMPING  <  SLUGS/SEC) 
TOTAL  DAMPING  <  SLUGS/SEC) 

DAMPING/ADDED  MASS  (i/SEC.) 

PHI-FORCE  6  MOTION  (  RAD.  ) 

MAGNIFICATION  FACTOR  (NON-D.) 


F  COS(EPS) 
F  SIN(EPS) 


(  LBS. 
(  LBS. 


F-WAVE  EXCITING  FORCE(  LBS. 


EPS-FORCE  6  WAVE  (RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  ) 
EPSi-UAVE  6  VIBRATION!  RAD. 

M  C0S(EPS2)  (  LBS. 

M  SIN( EPS2)  (  LBS. 
M-BENDING  MOMENT  AMID!  LBS. 
EPS2-UAVE  &  B.M.  (  RAD. 


SHIP/EFF.  WAVE  LENGTH(NON-D . ) 
EFFECTIVE  WAVE  LENGTH!  FEET  ) 
ENCOUNTER  FREQUENCY  (i/SEC.) 

RESONANT  FREQUENCY  (i/SEC.) 

SPEED  (FT/SEC) 

WAVE  HEADING  (DEG.  ) 

HYDRODYNAMIC  A.M.  (  SLUGS) 

SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  A.M.  (  SLUGS) 

TOTAL  ADDED  MASS  (  SLUGS) 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP.!  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (i/SEC.) 

PHI-FORCE  6  MOTION  (  RAD.  ) 


(  SLUGS/SEC) 
(  SLUGS/SEC) 
(i/SEC. ) 

(  RAD.  ) 


MAGNIFICATION  FACTOR  (NON-D.) 
F  COS (EPS)  (  LBS.  ) 
F  SIN(EPS)  (  LBS.  ) 
F-UAVE  EXCITING  FORCE(  LBS.  ) 
EPS-FORCE  4  WAVE  (  RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  ) 
EPSI-UAVE  6  VIBRATION(  RAD.  ) 
'  COS(EPS2>  (  LBS.  ) 
M  SIN(EPS2>  (  LBS.  ) 
M-BENDING  MOMENT  AMID(  LBS.  ) 
EPS2  -WAVE  6  B.M.  (  RAD.  ) 


0.989 

1.279 

1.S91 

1009.283 

780.087 

627.106 

0.580 

0.680 

0.780 

2.080 

2.080 

2.080 

20.830 

20.830 

20.830 

171.000 

171 . 000 

171 . 000 

1 . 9232E+06 

1 . 9232E+06 

1 . 9232E+06 

i . Q117E+06 

1 . 0 1 17E+06 

1 . 0117E+06 

c.2.4i4iE+0j> 

-2 . 4141E+03 

-2 . 4141E+03 

2~‘932SEnr6 

2 . 9325E+06 

2 . 9325E+06 

7 . 9473E+04 

7 . 9473E+04 

7 . 9473E+04 

'4,J735Er+0r) 
i  . 2168E+04 

4 . S735E+04 

4 . 573SE+04 

1 .2168E+04 

1 .2168E+04 

i . 373BE+0S 

1 .3738E+05 

1 .3738E+0S 

0.047 

0.047 

0.047 

0.007 

0 . 008 

0 . 010 

i .  0843E+00 

1 . 1 196E+00 

1 . 1636E+00 

-i . 2686E+06 

-9.9662E+05 

-3 . 6313E+05 

-7 . 7058E+04 

4 . 4S59E+03 

8. 1620E+04 

1.2710E+06 

9 . 9663E+05 

3 . 7219E+05 

3.202 

3.137 

2.920 

i . 0862E-01 

8 . 79S1E-02 

3 . 4134E-02 

-3. 195 

-3.129 

-2.911 

-1. 0273E+07  • 

-1 .6644E+07 

-4 . 3770E  *  06 

•’■3 . 4514E+07  - 

-6 . 0255E+06 

2 . 9S39E+06 

3.6010E+07 

1 . 770 1E+07 

5 . 2805E+06 

4.423 

3.489 

2.548 

1.922 

2.270 

2.633 

519.146 

439.646 

379.107 

0.880 

0.980 

1.080 

2.080 

2.080 

2.080 

20.830 

20.830 

20.830 

171.000 

171 . 000 

171 .000 

1 . 9232E+06 

1 .9232E+06 

1 . 9232E+06 

1 . 0117E+06 

1 .0117E+06 

1 . 0117E+06 

-2 . 4141E+03  - 

■2 . 4141E+03 

-2. 4141E+03 

2 . 9325E+06 

2 . 9325E+06 

2 . 9325E+06 

7 . 9473E+04 

7 . 9473E+04 

7 . 9473E+04 

4 . 5735E+04 

4 . 5735E+04 

4 . 5735E+04 

1 .216BE+04 

1 .2168E+04 

1 .2168E+04 

1 . 3738E+0S 

1 .3738E+05 

1 .373BE+0S 

0 . 047 

0.047 

0 . 047 

0 .012 

0.014 

0.016 

1 . 2179E+00 

1 . 2852E+00 

1 .3689E+00 

1 .8690E+05 

2 . 81 04E+05 

-4 . 7562E+03 

9 . 9047E+04 

4. liSiE+04 

-4 . 4534E+04 

2. 1 152E+05 

2 . 8404E+OS 

4.4788E+04 

0.487 

0.145 

4 . 606 

2. 0305E-02 

2 . 8773E-02 

4 . 832SE-03 

-0.476 

-0.132 

-4.590 

2 . 4230E+06 

7 . 4637E+06  ■ 

-1 .9161E+05 

1 . 61 83E+06  - 

2. 0753E+05 

8 . 9704E+05 

2 . 9137E+06 

7 . 4666E+06 

9. 1727E  *-05 

0.589 

6.255 

1.781 
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SHIP/EFF.  WAVE  LENGTH1NON-D . ) 

3.  008 

3.396 

3 . 795 

EFFECTIVE  WAVE  LENGTH! 

FEET  ) 

331.740 

293.842 

262.948 

ENCOUNTER  FREQUENCY 

! i/SEC. ) 

1.180 

1.280 

1.380 

RESONANT  FREQUENCY 

i i/SEC. ) 

2.080 

2.080 

2.080 

SPEED 

!FT/SEC) 

20.830 

20.830 

20.830 

WAVE  HEADING 

< 

DEG.  ) 

171.000 

171.000 

171.000 

HYDRODYNAMIC  A.M. 

! 

SLUGS) 

1 . 9232E+06 

1 , 9232E+06 

1 .9232E+06 

SHIP  MASS 

< 

SLUGS) 

1.01 17E+06 

1  0117E+06 

i . 0117E+06 

SPEED  DEPENDENT  A.M. 

< 

SLUGS) 

-2 . 4141E+03 

-2 . 4141E+03 

-2 . 4141E+03 

TOTAL  ADDED  MASS 

( 

SLUGS) 

2 . 9325E+06 

2 . 932SE+Q6 

2 . 9325E+06 

HYDRODYNAMIC  DAMPING 

( 

SLUGS/SEC) 

7 . 9473E+04 

7 . 9473E  +  04 

7. 9473E+04 

SPEED  DEPENDENT  DAMP 

.( 

SLUGS/SEC) 

4 . 5735E+04 

4 . 5735E+04 

4 . 5735E+04 

STRUCTURAL  DAMPING 

! 

SLUGS/SEC) 

1 . 2168E+04 

1 .2168E+04 

1 .2168E+04 

TOTAL  DAMPING 

! 

SLUGS/SEC) 

1 . 3738E+05 

1  3738E+05 

1 .3738E+05 

DAMPING/ADDED  MASS 

! i/SEC. ) 

0.047 

0 . 047 

0 . 047 

PHI-FORCE  4  MOTION 

! 

RAD.  ) 

0.019 

0.022 

0 . 027 

'MAGNIFICATION  FACTOR 

!NQN-D . > 

1 . 4743E+00 

1  6091E+00 

1 .7857E+00 

F  COS(EPS) 

! 

LBS.  ) 

-2.3187E+05 

-1 .1410E+0S 

1 ,5116E+05t 

F  SIN(EPS) 

! 

LBS.  ) 

-8 . 3434E+04 

-4 . 2937E+04 

3 . 4208E+04 

F-UAVE  EXCITING  FORCE! 

LBS.  ) 

2 . 4643E+05 

1 .2191E+0S 

1 .5498E+05 

EPS-FORCE  6  WAVE 

! 

RAD.  ) 

3.487 

3.502 

0.223 

DEFLECTION  AT  STERN 

! 

FEET  ) 

2 . 8636E-02 

1 . 5462E-02 

2. 1813E-02 

EPS1-WAVE  6  VIBRATION! 

RAD.  ) 

-3.468 

-3.479 

-0.196 

M  C0S<EPS2) 

! 

LBS .  ) 

-1 .2074E+07 

-8. 0040E+06 

1 .3675E+07 

M  SIN(EPS2) 

! 

LBS.  ) 

1 .5873E+06 

2 . 6977E+06 

-7 . 2261E+05 

M-BENDING  MOMENT  AMID! 

LBS .  ) 

1 .217QE+07 

8. 4464E+06 

1  3694Et07 

EPS2-UAVE  4  B.M. 

i 

RAD.  ) 

3.011 

2.817 

6.230 

SHIP/EFF.  WAVE  LENGTH!NGN-D . )  4.205  4.623  5.050 
EFFECTIVE  WAVE  LENGTH!  FEET  )  237. 35B  215.872  197.615 
ENCOUNTER  FREQUENCY  <i/SEC.>  1.480  1.580  1.680 
RESONANT  FREQUENCY  (i/SEC.)  2.080  2.080  2.080 
SPEED  !FT/SEC)  20.830  20.830  20.830 
WAVE  HEADING  f  DEG .  )  171.000  171.000  171.000 
HYDRODYNAMIC  A . M .  f  SLUGS)  1.9232E+06  1.9232E+06  1.9232E+06 
SHIP  MASS  (  SLUGS)  1.0U7E+06  1.0117E+06  1.0117E+06 
SPEED  DEPENDENT  A.M.  <  SLUGS)  -2.4141E+03  -2.4141E+03  -2.4141E+03 
TOTAL  ADDED  MASS  <  SLUGS)  2.9325E+06  2.9325E+06  2.9325E+06 
HYDRODYNAMIC  DAMPING  kj  SLUGS/SEC)  7. 9473E+04  7.9473E+04  7.9473E+04 
SPEED  DEPENDENT  DAMP  .  j<  SLUGS/SEC)  4.5735E+04  4.5735E  +  04  4.5735E+04 


STRUCTURAL  DAMPING 

!  SLUGS/SEC) 

1 . 2168E+04 

1 .2168E+04 

1 .2168E+04 

TOTAL  DAMPING 

!  SLUGS/SEC) 

1 . 3738E+0S 

1  3738E+05 

1 . 373BE+05 

DAMPING/ADDED  MASS 

(i/SEC 

.  ) 

0 . 047 

0 . 047 

0 . 047 

PHI-FORCE  4  MOTION 

!  RAD. 

> 

0 . 032 

0 . 040 

0  .  0S2 

MAGNIFICATION  FACTOR 

(NON-D 

.  ) 

2. 0244E+00 

2 . 3622E+0G 

2 . 8727E+00 

F  COS! EPS) 

(  LBS. 

> 

i  . 8458E  +  05 

-3 . 7425E+04 

-1 . 7343E+05 

F  SIN(EPS) 

!  LBS. 

) 

7  .  QQ83E+04 

2 . 9290E+04 

-4 . 2014E+04 

F-UAVE  EXCITING  FORCE!  LBS. 

) 

i  .9743E+05 

4 . 7524E+  04 

1 .7844E+05 

EPS-FORCE  4  WAVE 

(  RAD. 

) 

0.363 

2.478 

3.379 

DEFLECTION  AT  STERN 

(  FEET 

) 

3 . 1503E- 02 

8 . 84B4E-03 

4 . 0404E-02 

EPSi-UAVE  4  VIBRATION!  RAD. 

> 

-0 . 330 

-2.437 

-3.327 

M  C0S(£PS2> 

(  LBS. 

) 

2 . 4139E+07 

-5 . 6488E+06 

-4 . 2645E+07 

M  SIN! EPS2) 

<  LBS. 

) 

■6 . 6866E+06 

-S.694SE+06 

5. 4781E+06 

M-BENDING  MOMENT  AMID!  LBS. 

) 

2 . 5048E+07 

B.’Q210E  +  06 

4 . 2996E+07 

EPS2-UAVE  4  B.M. 

<  RAD. 

)  G-56 

6  013 

3.931 

3.014 

SPM2Z  S.  J.  CORT 

CASE4  Ill- 
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PAGE 

SHIP/EFF.  WAVE  LENGTH(NON-D . ) 

5.485 

5.928 

6.377 

EFFECTIVE  WAVE  LENGTH< 

FEET  ) 

181.939 

168. 3S5 

156.488 

ENCOUNTER  FREQUENCY 

(i/SEC.) 

1.780 

1.880 

1.980 

RESONANT  FREQUENCY 

(i/SEC.) 

2.080 

2.080 

2.080 

SPEED 

(FT/SEC) 

20.830 

20.830 

20.830 

WAVE  HEADING 

< 

DEC.  > 

171.000 

171.000 

171.000 

HYDRODYNAMIC  A.M. 

( 

SLUGS) 

1 . 9232E+06 

1.9232E+06 

1.9232E+06 

SHIP  MASS 

< 

SLUGS) 

1 . 0117E+06 

1 . 0117E+06 

1 . 0117E+06 

SPEED  DEPENDENT  A.M. 

( 

SLUGS) 

-2.4141E+03  • 

-2 . 4141E+03  ■ 

-2 . 4141E+03 

TOTAL  ADDED  MASS 

( 

SLUGS) 

2.9325E+06 

2 . 932SE+06 

2 . 9325E+06 

HYDRODYNAMIC  DAMPING 

( 

SLUGS/SEC) 

7 . 9473E+04 

7 . 9473E+04 

7 . 9473E+04 

SPEED  DEPENDENT  DAMP 

SLUGS/SEC) 

4 . 5735E+04 

4 . 5735E+04 

4 . 5735E+04 

STRUCTURAL  DAMP INC 

< 

SLUGS/SEC) 

1  2168E+04 

1 .216BE+04 

1 . 2168E+04 

TOTAL  DAMPING 

< 

SLUGS/SEC) 

1 .3738E+05 

1 . 3738E+05 

1 . 3738E+0S 

DAMPING/ADDED  MASS 

(1/SEC . ) 

0.047 

0.047 

0.047 

PHI-FORCE  &  MOTION 

( 

RAD.  ) 

0.072 

0.111 

0.225 

MAGNIFICATION  FACTOR 

(NCIN-D.  ) 

3 . 7264E+00 

5 . 4292E+00 

1 . 0388E+01 

F  COS<EPS) 

< 

LBS.  ) 

-4 . 3566E+04 

1 . 1947E+0S 

7 . 1126E+04 

F  SIN(EPS) 

( 

LBS.  ) 

-6 . 0901E+04  - 

-2 . 3631E+03 

5 . 9490E+04 

F-UAVE  EXCITING  FORCE< 

LBS.  ) 

7 . 4880E+04 

1 . 19S0E+05 

9 . 272SE+04 

EPS-FORCE  6  WAVE 

( 

RAD.  ) 

4.091 

6.263 

0.697 

DEFLECTION  AT  STERN 

( 

FEET  ) 

2 . 1993E-02 

5 . 1 13SE-02 

7 . 592SE-02 

EPSi-WAVE  &  VIBRATION( 

RAD.  ) 

-4.020 

-6.1S3 

-0.472 

M  C0S<EPS2) 

( 

LBS .  • ) 

-1.7879E+07 

6.9701E+07 

1 . 0726E+08 

M  SIN<EPS2> 

< 

LBS.  ) 

2 . 01S4E+07 

1 . 2256E+07  - 

5.0761E+07 

M-BENDING  MOMENT  AMID< 

LBS.  ) 

2 . 6942E+07 

7 . 0770E+07 

1 . 1866E+08 

EPS2-WAVE  6  B.M. 

( 

RAD.  ) 

2.296 

0.174 

5.841 

SHIP/EFF.  WAVE  LENGTH(NON-D 

.  ) 

6.834 

7.296 

7.764 

EFFECTIVE  WAVE  LENGTH (  FEET 

) 

146.043 

136.791 

128.545 

ENCOUNTER  FREQUENCY 

(1/SEC 

.  ) 

2.080 

2.180 

2.280 

RESONANT  FREQUENCY 

(1/SEC 

.  ) 

2.080 

2.080 

2.080 

SPEED 

(FT/SEC) 

20.830 

20.830 

20.830 

WAVE  HEADING 

(  DEG. 

) 

171.000 

171.000 

171.000 

HYDRODYNAMIC  A.M. 

(  SLUGS) 

1 . 9232E+06 

1 .9232E+06 

1 .9232E+06 

SHIP  MASS 

(  SuUGS) 

1 . 0117E+06 

1 .0117E+06 

1 . 0117E+06 

SPEED  DEPENDENT  A.M. 

(  SLUGS) 

-2 . 4141E+03 

-2 . 4141E+03 

-2 . 4141E+03 

TOTAL  ADDED  MASS 

(  SLUGS) 

2 . 932SE+06 

2 . 9325E+06 

2 . 9325E+06 

HYDRODYNAMIC  DAMPING 

(  SLUGS/SEC) 

7 . 9473E+04 

7 . 9473E+04 

7 . 9473E+04 

SPEED  DEPENDENT  DAMP. 

(  SLUGS/SEC) 

4 . 5735E+04 

4 . 5735E+04 

4 . 5735E+04 

STRUCTURAL  DAMPING 

(  SLUGS/SEC) 

1 .2168E+04 

1 .2168E+04 

1 .2168E+04 

TOTAL  DAMPING 

(.  SLUGS/SEC) 

1 .3738E+05 

1 .3738E+0S 

1 . 3738E+0S 

DAMPING/ ADDED  MASS 

(1/SEC. 

) 

0.047 

0.047 

0.047 

PHI-FORCE  *.  MOTION 

(  RAD. 

) 

1.571 

2. 906 

3.020 

MAGNIFICr-.TION  FACTOR 

(NON-D. 

) 

4 . 4401E+01 

9 . 8761E+00 

4 . 9247E+00 

F  COS(EPS) 

(  LBS. 

) 

-6.7784E+04 

-6 . 2662E+04 

3 . 6554E+04 

F  SIN(EPS) 

(  LBS. 

) 

3 . 7439E+04 

-4 . 1284E+04 

-5 . 7226E+04 

F-UAVE  EXCITING  FORCE<  LBS. 

) 

7 . 7436E+04 

7 . 5039E+04 

6 . 7904E+04 

EPS-FORCE  &  WAVE 

(  RAD. 

) 

2.637 

3.724 

5.281 

DEFLECTION  AT  STERU 

(  FEET 

) 

2 . 7100E-01 

5 . 8412E-02 

2 . 6358E-02 

EPS1-UAVE  6  VIBRATION!  RAD. 

) 

-1 . 066 

-0.818 

-2.261 

M  C0S<EPS2) 

(  LBS. 

) 

2 . 3770E+08 

7 . 8064E+07 

-3 . 4743E+07 

M  SIN(EPS2) 

(  LBS. 

) 

-4.0748E+08 

-8 . 0 157E+07 

-4 . 4233E+07 

M-BENDING  MOMENT  AMID(  LBS. 

> 

4.7175E+0E 

1 .1245E+08 

5 . 6247E+07 

EPS2-UAVE  &  B.M. 

(  RAD. 

) 

5.240 

5.490 

4.047 
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SHIP/EFF.  WAVE  LENGTHtNON-D . ) 
EFFECTIVE  WAVE  LENGTH<  FEET  ) 
ENCOUNTER  FREQUENCY  (l/SEC.) 
RESONANT  FREQUENCY  (i/SEC.) 
SPEED  (FTVSEC) 

WAVE  HEADING  (DEG.  > 

HYDRODYNAMIC  A.M.  (  SLUGS) 

SHIP  MASS  (SLUGS) 

SPEED  DEPENDENT  A.M.  (  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMP ING/ADDED  MASS  (i/SEC.) 
PHI-FORCE  6  MOTION  (  RAD.  ) 
MAGNIFICATION  FACTOR  (NON-D.) 

F  COS( EPS)  (  LBS.  ) 

F  SIN(EPS)  (  LBS.  ) 

F-UAVE  EXCITING  FORCEt  LBS.  ) 
EPS-FORCE  6  WAVE  (  RAD.  ) 

DEFLECTION  AT  STERN  (  FEET  > 
EPSi-UAVE  6  VIBRATION!  RAD.  ) 

M  COS ( EPS2)  (  LBS.  ) 

M  SIN(EPS2)  (  LBS.  ) 

M-BENDING  MOMENT  AMID(  LBS.  ) 
EPS2-WAVE  6  B.M.  (.  RAD.  ) 


SHIP/EFF.  WAVE  LENGTH! NON-D . ) 
EFFECTIVE  WAVE  LENGTH!  FEET  ) 
ENCOUNTER  FREQUENCY  ! i/SEC.) 
RESONANT  FREQUENCY  t i/SEC.) 
SPEED  tFT/SEC) 

WAVE  HEADING  (  DEG.  > 

HYDRODYNAMIC  A.M.  !  SLUGS) 

SHIP  MASS  !  SLUGS) 

SPEED  DEPENDENT  A.M.  !  SLUGS) 
TOTAL  ADDED  MASS  !  SLUGS) 

HYDRODYNAMIC  DAMPING  !  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP.!  SLUGS/SEC) 
STRUCTURAL  DAMPING  !  SLUGS/SEC) 
TOTAL  DAMPING  !  SLUGS/SEC) 

DAMPING/ADDED  MASS  ! i/SEC.) 
PHI-FORCE  6  MOTION  t  RAD.  > 
MAGNIFICATION  FACTOR  !NON-D.) 

F  COStEPS)  !  LBS.  ) 

F  SIN ! EPS )  {  LBS.  ) 

r-WAVE  EXCITING  FORCEt  LBS.  > 
EPS-FORCE  4  WAVE  t  RAD.  > 

DEFLECTION  AT  STERN  !  FEET  ) 

EPS1  -WAVE  4  VIBRATION!  RAD.  ) 

M  COS! EPS2)  t  LBS.  > 

M  SIN! EPS2)  !• LBS.  ) 

M-BENDING  MOMENT  AMID!  LBS.  ) 

EPS2  -WAVE  4  B.M.  !  RAD.  > 


0.237 

8.716 

9.200 

121.156 

i 14.503 

108.484 

2.380 

2.480 

2.580 

2. 080 

2.080 

2.080 

20.830 

20.830 

20.830 

171.000 

171 . 00C 

171 .000 

1.9232E+06 

1 .9232E  +  06 

1 .9232E406 

1 . 0117E  +  06 

1  .  0117E4  06 

1 .  0117E406 

-2 . 4141E+03 

-2 . 4141E+03 

-2.4141E403 

2 . 932SE+06 

2 . 9325E+06 

2.9325E406 

7 . 9473E+04 

7 . 9473E+04 

7.9473E404 

4 . 573SE+04 

4 . 5735E+04 

4  S73SE4U4 

1  2168E+04 

1 . 2168E+04 

1 . 2168E 40  4 

1 ,3738E>05 

1 . 3738E+0S 

1 .373BE405 

0.047 

0 . 047 

0 . 047 

3. 0S8 

3.078 

3.090 

3 . 2223E+00 

2 . 3671E+00 

1.8543E400 

3 . 99 i 9E+04 

-2 . 4797E  *- C4 

-1 .5496E404 

2 . 01 14E+04 

6 . 502  0E  *-04 

-2 . 3438E+03 

4 . 470  0E+04 

7 . 0336E404 

i  5672E404 

0.467 

1.931 

3.292 

1 . 1353E-02 

1 .3123E-02. 

2 . 2905E-03 

2.592 

1  .  147 

-0 . 202 

-2.310SE+07 

1  3218E407 

6.3618E406 

1 .3416E+07 

3 . 1220E  +  07 

-1 . 1S11E406 

2 . 6717E+07 

3.3903E407 

6 . 4651E+06 

2.616 

1  .  170 

6.104 

9.688 

10.180 

10 . 677 

103.017 

98  032 

93.470 

2  680 

2.780 

2.880 

2.080 

2. 080 

2 . 080 

20.830 

20.830 

20.830 

171 . 000 

171 . 000 

171 . 000 

1 . 9232E+06 

1  9232E406 

1 .9232E406 

1.01 17E+06 

1  .  0117E+06 

1 . 0117E406 

-2 . 41 41E+03 

-2 . 4141E+03 

-2 . 4141E+03 

2.9.J25E406 

2 . 9325E  +  06 

2. 9325E406 

7 . 9  473E+04 

7 . 9473E+  04 

7 . 9473E+04 

4 , 5735E+04 

4 . 5735E  +  04 

4.573SE404 

1 . 21 68E+04 

1 .2168E404 

1 . 2168E404 

1 .3738E405 

1 .3738E405 

1 . 3738E+  05 

0  .  047 

0  .  047 

0  .  047 

3. 098 

3.103 

3. 108 

1 .5134F.400 

1 . 27  08E+  0  0 

1 . 0897E  +  0  0 

2.5674E404 

-6 . 0610E+03 

-3. 2B08E404 

-6.B717E404 

-1 . 0SS9E404 

6. 9624E404 

7.33S6E404 

1 . 217SE+04 

7 . 6967E+04 

5.070 

4 . 191 

2.011 

S . 7S02E-03 

1 . 2 19SE- 03 

6.6106E-03 

-1.972 

-1 . 088 

1  .  096 

-9.894SE406 

1 . 9197E+06 

1 . 0326E+07 

-2.4939E407 

-3 . 5443E+06 

2 . 1 325E+  07 

2.6830E407 

4 . 0308E+  06 

2 . 3694E407 

4 . 335 

S  .  209 

1  .  120 

G-58 


SPH2Z  S.  J.  CORT  CASE4 


III-16 


09/02/80 


10  >  21 1 00 


PAGE  5 


(1/SEC. > 
(FT/SEC) 
{  DEG.  > 
(  SLUGS) 
(  SLUGS) 
<  SLUGS) 
SLUGS) 


SH1P/EFF .  WAVE  LENGTH(NON-D . ) 
EFFECTIVE  WAVE  LENGTH(  FEET  ) 
ENCOUNTER  FREQUENCY  (1/SEC. > 
RESONANT  FREQUENCY 
SPEED 

WAVE  HEADING 
HYDRODYNAMIC  A.M. 

SHIP  MASS 

SPEED  DEPENDENT  A.M 

TOTAL  ADDED  MASS  -  - 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEC) 
STRUCTURAL  DAMPING 
TOTAL  DAMPING 
DAMPING/ADDED  MASS 

PHI-FORCE  4  MOTION  . - 

MAGNIFICATION  FACTOR  (NON-D.) 

F  COS (EPS)  <  LBS.  ) 

F  SIN(EPS)  <  LBS.  ) 

F-WAVE  EXCITING  FORCE!  LBS. 

EPS-FORCE  &  WAVE  < 


(  SLUGS/SEC) 
<  SLUGS/SEC) 
(1/SEC. > 

(  RAD.  ) 


RAD. 


DEFLECTION  AT  STERN  (  FEET  ) 


EPS1-WAVE  4  VIBRATION!  RAD. 
M  CQS(EPS2)  (  LBS. 
M  SIN!EPS2>  (LBS. 
M-BENDING  MOMENT  AM I D (  LBS. 
EPSZ-UAVE  4  B.M.  (  RAD. 


11.178 
89 . 282 
2.980 
2.080 
20.830 
171.000 
1 . 9232E+06 
1 . 01 17E+06 
-2 . 4141E+03 
2 . 9325E+06 
7 . 9473E+04 
4 . 573SE+04 
1 . 2168E+Q4 
1 .3738E+0S 
0.047 
3.111 
9 . 4958E-01 
2. 4366E+04 
1 .B944E+04 
3 . 0864E+04 
0.661 
2 . 3100E-03 
2.4S0 
-6 . 8778E+06 
S .  5627E+06 
8 . 84S8E+06 

2.462  » 
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SI  IIP/EFF  .  WAVE  LENGTH!NON-D 

.  > 

0.943 

1.228 

EFFECTIVE  WAVE  LENGTH! 

FEET 

) 

1058.582 

812.527 

ENCOUNTER  FREQUENCY 

(i/SEC 

.  ) 

0.573 

0.673 

RESONANT  FREQUENCY 

(1/SEC 

.  ) 

2.073 

2.073 

SPEED 

(FT/SEC) 

19.800 

19.800 

WAVE  HEADING 

( 

DEG. 

) 

157.000 

157.000 

HYDRODYNAMIC  A.M. 

( 

SLUGS) 

1 .9245E+06 

1 .9245E+06 

SHIP  MASS 

( 

SLUGS) 

1 . 01 17E+06 

1 .0117E+06 

SPEED  DEPENDENT  A.M. 

( 

SLUGS) 

-2 . 3127E+03 

-2 . 3127E+03 

TOTAL  ADDED  MASS 

( 

SLUGS) 

2 . 9339E+06 

2 . 9339E+06 

HYDRODYNAMIC  DAMPING 

( 

SLUGS/SEC) 

8 . 0  071E  +  04 

8. 0071E  +  04 

SPEED  DEPENDENT  DAMP 

.  ( 

SLUGS/SEC) 

4 . 3903E  +  04 

4 . 3903E+04 

STRUCTURAL  DAMPING 

( 

SLUGS/SEC) 

1 .2103E+04 

1 .2103E+04 

TOTAL  DAMPING 

( 

SLUGS/SEC) 

1 . 3608E+05 

1 .360BE+0S 

DAMPING/ADDED  MASS 

(i/SEC. 

> 

0.046 

0.046 

PHI-FORCE  6  MOTION 

( 

RAD. 

) 

0 .007 

0.008 

MAGNIFICATION  FACTOR 

(NON-D. 

> 

1 .  0827E+00 

1 . 1178E+00 

F  COS!EPS) 

( 

LBS. 

) 

-1  2156E+06 

-1  .  0190E  +  06 

F  SIN ( EPS) 

( 

LBS. 

) 

-8 . 7421E+04 

-1 .2320E+04 

F-WAVE  EXCITING  FORCE! 

LBS. 

) 

1  21BBE+06 

1 . 0 191E+06 

EPS-FORCE  6  WAVE 

( 

RAD. 

> 

3.213 

3.154 

DEFLECTION  AT  STERN 

( 

FEET 

> 

1 . 0466E-01 

9 . 0350E-02 

EPSi-WAVE  6  VIBRATION! 

RAD. 

> 

-3.207 

-3. 146 

M  COS ! EPS2 ) 

( 

LBS. 

) 

-6  3669F.  +  06 

-i  6317Ei 07 

M  SIN ! EPS2 ) 

< 

LBS. 

> 

-3 . 5849E+07 

-8 . 94 1 1E+06 

M-RENDING  MOMENT  AMID! 

LBS. 

) 

3.641 0E+07 

1 .86062+07 

EPS2-WAVE  6  B.M. 

( 

RAD. 

) 

4.537 

3.643 

SHIP/EEF.  WAVE  LENGTH!NON-D . ) 

1.865 

2.211 

EFFECTIVE  WAVE  LENGTH!  FEET  > 

535.226 

451.479 

ENCOUNTER  FREQUENCY 

(i/SEC  .  ) 

0.873 

0.973 

RESONANT  FREQUENCY 

< 1/SEC . ) 

2.073 

2. 073 

SPEED 

(FT/SEC) 

19  000 

19.800 

WAVE  HEADING 

(  DEG.  ) 

157 .000 

157 . 000 

HYDRODYNAMIC  A.M. 

(  SLUGS) 

1 . 9245E+06 

1 .9245E+06 

SHIP  MASS 

<  SLUGS) 

i . 0117E+06 

1 . 0117E+06 

SPEED  DEPENDENT  A.M. 

(  SLUGS) 

-2 . 3127E+03 

-2 . 3 J  27E  +  03 

1 

1 

o 


TOTAL  ADDED  HASS  <  SLUGS) 

HYDRODYNAhIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . <  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  <  SLUGS/SEC) 

DAMPING/ADDED  MASS  (i/SEC.) 
PHI-FORCE  6  MOTION  <  RAD.  ) 
MAGNIFICATION  FACTOR  (NON-D.) 

F  COS(EPS)  (  IRS.  ) 

F  SIN ( EPS )  (  LRS.  ) 

F-UAVE  EXCITING  FORCE!  LRS.  > 
EPS-FORCE  6  WAVE  (  RAD.  > 

DEFLECTION  AT  STERN  <  FEET  ) 

EPS1  WAVE  6  VIBRATION!  RAD.  ) 

M  COS !  EP  S2 )  !  l.BS.  ) 

M  SIN! EPS2)  !  LRS.  ) 

M  RENDING  MOMENT  AMID!  LRS.  > 

I PS2-UAVE  6  B.M.  !  RAD.  ) 


2 . 9339E+06 

2 . 9339E  +  06 

2 

8 . 0071E+04 

8 . 0071E+04 

8 

4  .  2903E+04 

4 . 3903E+04 

4 

1 . 21 03E+04 

1 .2103E  +  04 

i 

1 . 3608E  +  05 

1 . 3608E+05 

i 

0  .  046 

0  .  046 

0  .  Oil 

0.013 

1 . 21 5SE  +  0  0 

1 . 2824E+00 

1 

1 . 2990E+05 

2.781 BE+05 

2 

9 . 9847E  +  04 

5 . 5662E ♦ 04 

-2 

1 . 6384E+05 

2 . S369E+0S 

3 

0 . 655 

0  .  197 

1 . 5796E-02 

2.8857E-02 

4 

-0 . 644 

-0 . 184 

<  4434E+06 

7 . 2198E+06 

7 

1 . 1081E+06 

-1 . 4503E+05 

5 

1 . 8197E+06 

7 . 2212E+06 

9 

0 . 655 

6.263 
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1.536 
649.540 
0.773 
2.073 
19.800 
157.000 
i .9245E+06 
1  0117E+06 
2 . 3127E+03 
2 . 9339E+06 
8. 0071E+04 
4 . 3903E+04 
1 .2103E  +  04 
1 .3608E  +  0S 
0 . 046 
0.010 
. 1614E+00 
. 3467E+0S 
.  B707E+04 
.  40 07E  +  05 
2.985 
.  0540E-02 
-2.975 
. 7157E+06 
. 9382E+06 
.  4267E+06 
2 . 667 


2.572 
387.986 
1  .  073 
2.073 
19.800 
157.000 
. 9245E+06 
T0117E+06 
. 3127E+03 
, 9339E  +  06 
. 0071E+04 
. 3903E+04 
2103E+04 
. 3608E+05 
0  .  046 
0  016 
. 3658E+00 
.  4920E+04 
.  8136E+04 
,75B5E-t  04 
5.437 
.  0715E-03 
-5 . 421 
.  3900E+05 
.7288E-I  05 
.  3S04E+05 
0 . 659 
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SHIP/EFF.  WAVE  LENGTH(NON-D. )  2.948  3.33?  3.738 
EFFECTIVE  WAVE  LENGTH<  FEET  >  338.498  299.036  266.963 
ENCOUNTER  FREQUENCY  (i/SEC.)  1.173  1.273  1.373 
RESONANT  FREQUENCY  < 1/SEC. >  2.073  2.073  2.073 
SPEED  <FT/SEC>  19.800  19.800  19.800 
WAVE  HEADING  <  DEG.  >  157.000  1S7.000  157.000 


HYDRODYNAMIC  A.M.  (  SLUGS) 

SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  AM.  <  SLUGS) 
TOTAL  ADDED  MASS  <  SLUGS) 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP  .  <  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  <  SLUGS/SEC) 

DAMPING/ADDED  MASS  < i/SEC.) 

PHI-FORCE  6  MOTION  (RAD.  ) 

MAGNIFICATION  FACTOR  (NON-D.) 

F  COS(EPS)  (  LBS.  ) 

F  SIN(EPS)  <  LBS.  ) 

F-WAVE  EXCITING  FORCE!  LBS.  ) 
EPS-FORCE  6  WAVE  (  RAD.  ) 

DEFLECTION  AT  STERN  (  FEET  ) 
EPSi-WAVE  6  V I BRAT  I ON (  RAD.  ) 

M  COS(EPS2)  (LBS.  ) 

M  SIN(EPS2)  (  LBS.  ) 

M-BENDING  MOMENT  AMID(  LBS.  > 
EPS2-WAVE  6  B.M.  (  RAD.  ) 


SHIP/EFF.  WAVE  LENGTH(NQN-D . ) 
EFFECTIVE  WAVE  LENGTH(  FEET  ) 
ENCOUNTER  FREQUENCY  (1/SEC.) 
RESONANT  FREQUENCY  (i/SEC.) 
SPEED  (FT/SEC) 

WAVE  HEADING  (  DEG.  > 

HYDRODYNAMIC  A.M.  (  SLUGS) 

SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  A.M.  (  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP  .  (  SLUGS/SF.C) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMP ING/ADDED  MASS  (i/SEC.) 

PHI-FORCE  6  MOTION  (  RAD.  ) 

MAGNIFICATION  FACTOR  (NON-D.) 

F  COS(EPS)  (  LBS.  ) 

F  SIN(EPS)  (LBS.  ) 

F-WAVE  EXCITING  FORC.Et  LBS.  ) 
EPS-FORCE  6  WAVE  (  RAD.  ) 

DEFLECTION  AT  STERN  (  FEET  ) 
EPSi-WAVE  6  VIBRATION!  RAD.  ) 

M  COS(EPS2)  (  LBS.  ) 

M  SIN(EPS2)  (  LBS.  ) 

M-BENDING  MOMENT  AMID!  LBS.  ) 
EPS2-WAVE  6  B.M.  (  RAD.  )  G-6l 


1 . 9245E+06  1 . 9245E+06  1.9245E+06 

1 . 01 17E+06  i.Oii7E+06  1.0117E+06 
-2.3127E+03  -2 . 3127E+03  -2.3127E+03 
2 . 9339E+06  2.9339E+06  2.9339E+06 

8 . 0071E+04  8 . 0Q71E+04  8.0071E+04 

4 . 39Q3E+04  4.3903E  +  04  4.3903E+04 

i  .2103E+04  1.2103E+04  1.2103E+04 

i  .  3608E+05  1 . 3608E+0S  1.360BE+05 

0.046  0 1 046  0.046 

0.019  01022  0.026 

1 . 4707E+00  i.6050:+00  1.7809E+00 

-2. 1W3E+0S  -i  .3130  :+05  1.3178E+05 

-7 . 9346E+04  -5.4447- +04  1.8876F.+  04 

2 . 3240E+05  1.4214E+0S  1.3312E+0S 


3.490 

3.535 

0.142 

2 . 71 10E-02 

1  .B095E-02 

1 . 8804E-02 

-3.471 

-3.513 

-0.116 

-i . 0968E+07 

-9. 1403E+06 

1 . 1586E+07 

1 . 4167E+06 

3 . 3154E+06 

2. 0081E+05 

1.106DE+07 

9 . 7230E+06 

1 . 15BBE+07 

3.013 

2.794 

0.017 

4.150 

4.572 

5.003 

240.470 

218 .£78 

199.464 

1.473 

1.573 

1.673 

2.073 

2.073 

2.073 

19.800 

19.800 

19.800 

157.000 

157.000 

157.000 

1 .9245E+06 

1 .924SE+06 

1 .9245E+06 

1 . 01 17E+06 

1  .  0117jE+06 

1 . 0117E+06 

-2 . 3127E+03 

-2 . 3127E+03 

-2 . 3127E+03 

2 . 9339E+06 

2 . 9339E+06 

2 . 9339E+06 

8 . 0071E+04 

8. 0071E  +  04 

8. 0071E+04 

4 . 3903E+04 

4 . 3903E+04 

4.3903E+04 

1 . 2103E+04 

1 .2103E  +  04 

1  2103E+04 

1 .3608E+05 

1 .3608E+0S 

1 .3608E+05 

0 . 046 

0  .  046 

0.046 

0.032 

0 .040 

0.052 

2 . 0188E+00 

2 . 3554E  +  00 

2 . 8641E+00 

1 .8668E+0S 

-2 . 3151E+04 

-1 .6533E+05 

6 . 6873E+04 

4. 1167E+04 

-2 . 9703E+04 

1 .9B30E+0S 

4 . 7230E  +  04 

1 . 6797E+05 

0.344 

2.083 

3.319 

3. 1752E-02 

8 . 8236E-03 

3 . 8159E-02 

-0.312 

-2.043 

-3.268 

2 . 40  09E  +  07 

-3. 1428E+06 

-3 . 9934E+07 

-6.2295E+06 

-7 . 3317E+06 

3  C380E+06 

2 . 4804E+07 

7 . 9769E+06 

4 . 0049E+07 

6.029 

4.307 

3.066 
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SHIP/EFF.  WAVE  LENGTH(NON-D. )  5.443  5.891  6.347 
EFFECTIVE  WAVE  LENGTH(  FEET  >  183.343  169.400  157.240 
ENCOUNTER  FREQUENCY  < 1/SEC. >  1.773  1.873  1.973 
RESONANT  FREQUENCY  (i/SEC.)  2.073  2.073  2.073 
SPEED  <FT/SEC>  19.800  19.800  19.800 
WAVE  HEADING  (  DEG.  >  157.000  157.000  157.000 
HYDRODYNAMIC  A.M.  (  SLUGS)  1.9245E+06  1.924SE+06  1.9245E+06 
SHIP  MASS  (  SLUGS)  1.0117E+06  1.0117E+06  1.0117E+06 
SPEED  DEPENDENT  A.M.  (  SLUGS)  -2.3127E+03  -2.3127E+03  -2.3127E+03 
TOTAL  ADDED  MASS  (  SLUGS)  2  9339E+06  2.9339E+06  2.9339E+06 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC)  8.0071E+04  8.0071E+04  8.0071E+04 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEC)  4.3903E+04  4.3903E+04  4.3903E+04 
STRUCTURAL  DAMPING  <  SLUGS/SEC)  1.2103E+04  1.2103E+04  1.2103E+04 


TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (i/SEC.) 
PHI-FORCE  6  MOTION  (  RAD.  ) 
MAGNIFICATION  FACTOR  (NON-D.) 

F  COS(EPS)  <  LBS.  ) 

F  SIN(EPS)  <  LBS .  > 

F-WAVE  EXCITING  FORCE<  LBS.  ) 
EPS-FORCE  6  WAVE  (  RAD.  > 

DEFLECTION  AT  STERN  (  FEET  ) 
EPSi-WAVE  6  VIBRATION<  RAD.  > 

M  COS( EPS2)  (  LBS.  > 

M  SIN(EPS2)  (  LBS.  > 

M -BENDING  MOMENT  AMID(  LBS.  > 
EPS2-WAVE  6  B.M.  (  RAD.  > 


SHIP/EFF.  WAVE  LENGTH ( NON-D . > 
EFFECTIVE  WAVE  LENGTH!  FEET  > 
ENCOUNTER  FREQUENCY  (i/SEC.) 
RESONANT  FREQUENCY  (1/SEC. > 
SPEED  (FT/SEC) 

WAVE  HEADING  (  DEG.  > 

HYDRODYNAMIC  A.M.  (  SLUGS) 

SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  A.M.  (  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEG) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (i/SEC.) 

PHI-FORCE  6  MOTION  (  RAD.  ) 

MAGNIFICATION  FACTOR  (NON-D.) 

F  COS (EPS)  (  LBS.  > 

F  SIN(EPS)  <  LBS.  ) 

F-WAVE  EXCITING  FORCE (  LBS.  ) 
EPS-FORCE  6  WAVE  (  RAD.  > 

DEFLECTION  AT  STERN  (  FEET  > 

EPS1 -WAVE  6  VIBRATION!  RAD.  > 

M  C0S(EPS2)  (  LBS.  > 

M  SIN(  EPS2)  (  l.BS .  ) 

M-BENDING  MTMENT  AMID!  LBS.  ) 
fc  PS2-  WAVE  6  J.M.  <  RAD.  > 


1 . 36Q8E+05 

1 .3608E  +  05 

1 . 3608E+05 

0.046 

0  .  046 

0 . 046 

0.071 

0.110 

0.222 

3.7151E+00 

5 . 4125E+00 

1 . 0360E+0 1 

-4 . 4683E+04 

1 . 1255E+05 

6. 1541E+04 

-6 . 3384E+04 

-1 .5092E+04 

5 . 4954E+04 

7.7550E+04 

1 . 1356E+05 

8 . 2506E+04 

4.098 

6  .  ISO 

0.729 

2 . 2851E-02 

4 . 8750E-02 

6 . 7793E-02 

-4.027 

-6.040 

-0.506 

-1 . 8069E+07 

6 . 4241E+07 

9 . 2809E+07 

2. 0883E+07 

1 .8318E+07 

-4 . 8536E+07 

2.761 6E+07 

6  6802E+07 

1 . 0473E+  08 

2.284 

0.278 

5.801 

6.810 

7.279 

7.755 

146.556 

137. 105 

128.695 

2.073 

2. 173 

2.273 

2.073 

2.073 

2.073 

19.800 

19.800 

19.800 

157.000 

157. 000 

157.000 

1 .9245E+06 

1 .9245E+06 

1 .9245E+06 

1 . 0 1 17E+06 

1 , 0117E  +  06 

1 . 0.117E+06 

-2 . 3127E+03 

-2 . 3127E+03 

-2 . 3127E+03 

2 . 9339E+06 

2 . 9339E+06 

2 . 9339E+06 

8 . 0071E+04 

8. 0071E+04 

8. 0071E+04 

4 . 3903E+04 

4 . 3903E  +  04 

4 . 3903E+04 

1 .21038  +  0* 

1  2103E+04 

1 .2103E+04 

i  .  3608E  +  1/ 

1 .360BE  +  05 

1 .3608E+05 

0  .  046 

0  .  046 

0  .  046 

1 . 571 

2.909 

3.021 

4 . 4695E+0 1 

9 . 8473E+00 

4 . 9080E+00 

-6. 8660E+04 

-4 . 8B44E+04 

4 . 50 17E+04 

4 . 6123E+04 

-3 . 4582E+04 

-6. 1716E+04 

8.2714E+04 

5. V847E+04 

7. 6390E+04 

2.550 

3.758 

5.343 

2 . 9322E-01 

4 . 6743E-02 

2 . 9737E-02 

-0.979 

-0.849 

-2.322 

2.8966E+08 

6. 0597E+07 

-4 . 1883E+07 

-4 . 1304E+08 

-6 . 5654E+07 

-4 . 7082E+07 

5. 044BE+08 

8 , 9344E+07 

6 . 3015E+07 

5  324 

5.458 

3.985 

G-62 
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SPM2Z  S.  J.  CORT  CASES  HI-20 


SHIP/EFF.  WAVE  LENGTH(NON-D . ) 

8.236 

8.724 

9.216 

EFFECTIVE  WAVE  LENGTHt  FEET  > 

121.169 

114.400 

108.285 

ENCOUNTER  FREQUENCY 

(i/SEC. ) 

2.373 

2.473 

2.573 

RF:SONANT  FREQUENCY 

< i/SEC . > 

2.073 

2.073 

2.073 

SPEED 

(FT/SEC) 

19.800 

19.800 

19.800 

WAVE  HEADING 

(  DEG.  > 

157. 000 

157.000 

157.000 

HYDRODYNAMIC  A.M. 

(  SLUGS) 

i . 9245E+06 

1 . 924SE+06 

1 .9245E+06 

SHIP  MASS 

(  SLUGS) 

1.0117E+06 

1 . 0117E+06 

1.01 17E+06 

SPEED  DEPENDENT  A.M. 

<  SLUGS) 

-2 . 3127E+03 

-2 . 3127E+03 

-2  3127E+03 

TOTAL  ADDED  MASS 

(  SLUGS) 

2 . 9339E+06 

2 . 9339E+06 

2 . 9339E+06 

HYDRODYNAMIC  DAMPING 

(  SLUGS/SEC) 

8 . 0071E+04 

8. 0071E+04 

8. 0071E+04 

SPEED  DEPENDENT  DAMP. 

<  SLUGS/SEC) 

4 . 3903E+04 

4 . 3903E+04 

4 . 3903E+04 

STRUCTURAL  DAMPING 

<  SLUGS/SEC) 

1 . 21 03E+04 

1 . 21 03E+04 

1 .2103E+04 

TOTAL  DAMPING 

(  SLUGS/SEC) 

1 .360SE  +  0S 

1 .3608E+0S 

1 . 3608E+05 

DAMPING/ADDED  MASS 

< i/SEC. ) 

0.046 

0.046 

0.046 

PHI-FORCE  &  MOTION 

(  RAD.  ) 

3.059 

3.079 

3.090 

MAGNIFICATION  FACTOR 

(NON-D. > 

3.2110E+00 

2 . 3586E+00 

1 .8475E+00 

F  COS ( EPS) 

(  LBS .  ) 

2.6207E+04 

-3.7197E+D4 

-2 . 7871E+03 

F  SIN < EPS) 

(  LBS.  ) 

1 .5036E+04 

6 . 7943E+04 

-1 . 0121E+03 

F-UAVE  EXCITING  FORCE<  LBS.  ) 

3. 0214E+04 

7 . 7459E+04 

2 . 9652E+03 

EPS-FORCE  6  WAVE 

(  RAD.  ) 

0.521 

2.072 

3.490 

DEFLECTION  AT  STERN  i 

£  FEET  ) 

7.6949E-03 

1 .4490E-02 

4 . 3450E-04 

EPSI-UAVE  6  VIBRATIONt  RAD.  ) 

2.538 

1 .  007 

-0.400 

M  C0S(EPS2)  (  LBS.  ) 

-1 . 5046E+07 

1 .9155E+07 

1 . 1331E+06 

M  SIN(EPS2)  l 

!  LBS.  ) 

9 . 8607E+06 

3. 1878E+07 

-4 . 4884E+05 

M  BENDING  MOMENT  AMID!  LBS.  ) 

1 .79B9E+07 

3 . 7190E+07 

1 . 2187E+06 

EPS2-WAVE  &  B . M .  (  RAD.  ) 

2.561 

1 . 030 

5.906 

SHIP/EFF.  WAVE  LENGTH<  NON-D . ) 

9.714 

10.217 

10.724 

EFFECTIVE  WAVE  LENGTH!  FEET  ) 

102.736 

97.682 

93.062 

ENCOUNTER  FREQUENCY 

( i/SLC . ) 

2.673 

2.773 

2 . 873 

RESONANT  FREQUENCY 

(i/SEC . ) 

2.073 

2.073 

2.073 

SPEED 

(FT/SEC) 

19.800 

19.800 

19.800 

WAVE  HEADING 

(  DEG.  > 

157.000 

157.000 

157.000 

HYDRODYNAMIC  A.M. 

<  SLUGS) 

1 .924SE+06 

1 .9245E+06 

1 .9245E+06 

SHIP  MASS 

<  SLUGS) 

1 . 01 17E  +  06 

1 . 0117E+06 

1 . 0117E  +  06 

SPEED  DEPENDENT  A.M. 

<  SLUGS) 

■2 . 3127E+03 

-2 . 3127E+03 

-2 . 3127E+03 

TOTAL  ADDED  MASS 

(  SLUGS) 

2.9339E+06 

2 . 9339E+06 

2 . 9339E+06 

HYDRODYNAMIC  DAMPING 

<  SLUGS/SEC) 

8. 0  071E+04 

8. 0071E+04 

8. 0071E  +  04 

SPEED  DEPENDENT  DAMP . 

(  SLUGS/SEC) 

4 . 3903E+04 

4 . 3903E+04 

4 . 3903E+04 

STRUCTURAL  DAMPING 

(  SLUGS/SEC) 

1 . 21 03E+04 

1 .2103E+04 

1 .2103E+04 

TOTAL  DAMPING 

(  SLUGS/SEC) 

1 . 3608E+0S 

1 .3608E+05 

1 . 3608E+05 

DAMPING/ADDED  MASS 

( 1/SEC . ) 

0.046 

0  .  046 

0  .  046 

PHI-FORCE  V  MOTION 

<  RAD.  > 

3.098 

3.104 

3.108 

MAGNIFICATION  FACTOR 

(NON-D . ) 

1 . 5077E+  0 0 

1 .2659E+00 

1 . 0854E+00 

F  COS (EPS) 

(  LBS.  ) 

3 . 7874E+04 

-1 .908BE+04 

-4 . 1272E+04 

F  SIN ( EPS) 

(  LBS.  ) 

■7. 0479E+04 

-7. 0562E+03 

7 . 2425E+04 

F-UAVE  EXCITING  FORCE<  LBS.  > 

8. 0011E+04 

2. 0351E+04 

8. 3360E+04 

EPS-FORCE  6  UAVE 

(  RAD.  ) 

5.205 

3.496 

2.089 

DEFLECTION  AT  STERN 

(  FEET  > 

9 . 5680E-03 

2.O434E-03 

7. 1767E-03 

EPS!  UAVE  6  VIBRATIONT  RAD.  ) 

-2.107 

-0.392 

1 .019 

M  COS  <  EPS2 ) 

(  LBS.  ) 

1 . 4328E+07 

6 . 2077E+  06 

1 . 2930E+07 

M  SIN(EPS2>  i 

t  LBS.  > 

2 . 5391E+07 

-2 . 4824E+  06 

2.2079E+07 

M  BENDING  MOMENT  AMIDT  LBS.  ) 

2 . 9154E+07 

6 . 6856E+06 

2 . 5587E+07 

F.PS2  -UAVE  6  B.M.  < 

I  RAD.  )  G-63 

4.199 

5.903 

1 .041 

1 1 1-21 
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SHIP/EFF.  WAVE  LENGTH ( NQN-D . ) 
EFFECTIVE  WAVE  LENGTH!  FEET  ) 
ENCOUNTER  FREQUENCY  (1/SEC. > 
RESONANT  FREQUENCY  (1/SEC. > 
SPEED  (FT/SEC) 

WAVE  HEADING  (  DEG.  > 

HYDRODYNAMIC  A.M.  (  SLUGS) 
SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  A.M.  (  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (i/SEC.) 

PHI-FORCE  6  MOTION  <  RAD.  ) 


(  SLUGS/SEC) 
(  SLUGS/SEC) 
(i/SEC. ) 

<  RAD.  ) 


MAGNIFICATION  FACTOR  (NON-D.) 
F  COS ( EPS)  (  LBS.  ) 
F  SIN(EPS)  (  LBS.  ) 
F-UIAVE  EXCITING  FORCE(  LBS.  > 
EPS-FORCE  6  WAVE  (  RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  ) 
EPSi-UAVE  6  VIBRATION!  RAD.  ) 
M  C0S(EPS2>  (  LBS.  ) 
M  SIN(EPS2)  (  l-BS.  ) 


11.236 
88.824 
2.973 
2.073 
19.800 
157 . 000 
1 .9245E+06 
1 . 01 17E+06 
-2 . 3127E+03 
2 . 9339E+06 
8. 0071E+04 
4 . 3903E+04 
1 . 21 03E+04 
1 . 3608E+05 
0 . 046 
3.  ill 
9 . 4582E-01 
3 . 9686E-*  04 
9 . 887 1E+03 
4. 0B99E+04 
0.244 
3. 0682E-03 
2.867 
-i . 1242E+07 
3 . 0381E+06 
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SHIP/EFF.  WAVE  LENGTH < NON-D. > 

1.005 

1.303 

1.623 

EFFECTIVE  WAVE  LENGTH! 

FEET  > 

992.858 

766.146 

615.030 

ENCOUNTER  FREQUENCY 

! i/SEC . ) 

0.580 

0.680 

0.780 

RESONANT  FREQUENCY 

! i/SEC . ) 

2.080 

2.080 

2.0B0 

SPEED 

!FT/SEC> 

19.800 

19.800 

19.800 

WAVE  HEADING 

! 

DEG.  ) 

170.000 

170.000 

170.000 

HYDRODYNAMIC  A.M. 

! 

SLUGS) 

1 . 9232E+06 

1 . 9232E+06 

1 .9232E+06 

SHIP  MASS 

! 

SLUGS) 

1 . 01 17E+06 

1.0U7E+06 

1 . 01 17E+06 

SPEED  DEPENDENT  A.M. 

! 

SLUGS) 

-2 . 2947E+03 

-2 . 2947E+03 

-2.2947E+03 

TOTAL  ADDED  MASS 

! 

SLUGS) 

2.9326E+06 

2 . 9326E+06 

2 . 9326E+06 

HYDRODYNAMIC  DAMPING 

! 

SLUGS/SEC) 

7 . 9473E+04 

7 . 9473E+04 

7 . 9473E+04 

SPEED  DEPENDENT  DAMP 

SLUGS/SEC) 

4.3474E+04 

4 . 3474E+04 

4 . 3474E+04 

STRUCTURAL  DAMPING 

! 

SLUGS/SEC) 

1 .2168E+04 

1 . 2168E+04 

1 .2168E+04 

TOTAL  DAMPING 

! 

SLUGS/SEC) 

1  3S11E+0S 

1 .3511E+05 

1.3511E+05 

DAMPING/ADDED  MASS 

! i/SEC. ) 

0.046 

0.046 

0.046 

PHI-FORCE  4  MOTION 

! 

RAD.  ) 

0.007 

0.008 

0.010 

MAGNIFICATION  FACTOR 

(NON-D. ) 

1 . 0B43E+00 

1 . 1 196E+00 

1 . 1 636E+00 

F  COS(EPS) 

! 

LBS.  > 

-1 . 2628E+06 

-9 . 5702E+05 

-3. 0326E+05 

F  SIN(EPS) 

! 

LBS.  ) ' ’ 

-7. 1926E+04 

1.1926E+04' 

8 : 6051E+04 

F-UAVE  EXCITING  FORCE! 

LBS.  ) 

1 . 2649E+06 

9 . 5709E+0S 

3 . 1523E+05 

EPS-FORCE  4  WAVE 

! 

RAD.  ) 

3.198 

3.129 

2.865 

DEFLECTION  AT  STERN 

! 

FEET  ) 

1 . 0810E-01 

8.4458E-02 

2 . 891 0E-02 

EPS1-UAVE  4  VIBRATION! 

RAD.  ) 

-3.192 

-3  121 

-2.855 

M  COS!EPS2) 

! 

LBS.  ) 

-1 . 0948E+07 

-1  5581E+07 

-3 . 2574E+06 

M  SIN! EPS2) 

( 

LBS.  > 

-3.2668E+07 

-4 . 2329E+06 

2 . 7375E+06 

M-BENDING  MOMENT  AMID! 

LBS.  ) 

3 . 4453E+07 

1 . 6146E+07 

4 . 2549E+06 

EPS2-WAVE  4  B.M. 

< 

RAD.  ) 

4.389 

3.407 

2.443 

SHIP/EFF.  WAVE  LENGTH(NON-D . ) 

1.963 

2.320 

2.693 

EFFECTIVE  WAVE  LENGTH!  FEET  ) 

508.515 

430 . 167 

370.565 

ENCOUNTER  FREQUENCY 

!  i/SEC. ) 

0.880 

0.980 

1 . 080 

RESONANT  FREQUENCY 

(1/SEC . ) 

2.080 

2.080 

2.080 

SPEED 

(FT/SEC) 

19.800 

19.800 

19.800 

WAVE  HEADING 

(  DEG.  ) 

170.000 

170 . 000 

170 . 000 

HYDRODYNAMIC  A.M. 

(  SLUGS) 

1 .9232E+06 

1 .9232E+06 

1 .9232E+06 

SHIP  MASS 

(  SLUGS) 

1 . 0117E+06 

1 . 0117E+06 

1 . 0117E+06 

SPEED  DEPENDENT  A.M. 

(  SLUGS) 

-2 . 2947E+  03 

-2 . 2947E+03 

-2 . 2947E+03 

TOTAL  ADDED  MASS 

(  SLUGS) 

2 . 9326E+06 

2 . 9326E+06 

2 . 9326E+06 

HYDRODYNAMIC  DAMPING 

(  SLUGS/SEC) 

7.9473E+04 

7 . 9473E+04 

7 . 9473E+04 

SPEED  DEPENDENT  DAMP. 

(  SLUGS/SEC) 

4 . 3474E+04 

4 . 3474E+04 

4 . 3474E+04 

STRUCTURAL  DAMPING 

(  SLUGS/SEC) 

1 . 21 68E+04 

1  2168E+04 

1 .2168E+04 

TOTAL  DAMPING 

(  SLUGS/SEC) 

1 .3511E+05 

1 .3511E+0S 

1 .3511E+05 

DAMPING/ADDED  MASS 

(1/SEC. ) 

1  0.046 

0.046 

0.046 

PHI-FORCE  4  MOTION 

(  RAD.  ) 

0.011 

0.013 

0.016 

MAGNIFICATION  FACTOR 

(NON-D. ) 

1 . 2179E+00 

1 . 2B52E+00 

1 .3689E+00 

F  COS! EPS) 

(  LBS.  ) 

2 . 2054E+05 

2 . 5687E+0S 

-5 . 2443E+04 

F  SINIEPS) 

(  LBS.  > 

9. 4360E+04 

2 . 81 06E+04 

-5 . 5349E+  04 

F-WAVE  EXCITING  FORCE!  LBS.  ) 

2.3987E+05 

2 . 5840E+0S 

7 . 6248E+04 

EPS-FORCE  4  WAVE 

(  RAD.  ) 

0.404 

0.109 

3.954 

DEFLECTION  AT  STERN 

(  FEET  ) 

2 . 3026E-02 

2 . 6174E-02 

8 . 2268E-03 

EPSi-UAVE  4  VIBRATION!  RAD.  ) 

-0.393 

-0 . 096 

-3.938 

M  COS ( EPS2 ) 

t  LBS.  ) 

3. 0474E+06 

6. 6865E+06 

-1 .6422E+06 

M  SIN!EPS2)  i 

t  LBS.  ) 

1 .7282E+06 

-4 . 6233E+05 

8. 1670E+05 

M-BEHDING  MOMENT  AMID!  LBS.  ) 

3 . 5033E+06 

6 . 7025E+06 

1 . B341E+06 

F.PS2-UAVE  4  B.M.  i 

[  RAD.  )  G-65 

0.516 

6.214 

2.680 
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SHIP/EFF.  WAVE  LENGTH(NON-D. > 

3.080 

3.481 

3.892 

EFFECTIVE  WAVE  LENGTH!  FEET  > 

323.974 

286.730 

256.392 

ENCOUNTER  FREQUENCY 

< 1/SEC. > 

1.180 

1.280 

1.380 

RESONANT  FREQUENCY 

(i/SEC.) 

2.080 

2.080 

2.080 

SPEED 

(FT/SEC) 

19.800 

19.800 

19.800 

WAVE  HEADING 

(  DEG.  ) 

170.000 

170.000 

170.000 

HYDRODYNAMIC  A.H. 

(  SLUGS) 

i  .  9232E+06 

i . 9232E+06 

1 . 9232E+06 

SHIP  MASS 

(  SLUGS) 

1 . 01 17E+06 

1 . 0117E+06 

1 . 0 1 17E+06 

SPEED  DEPENDENT  A.M. 

(  SLUGS) 

-2 . 2947E+03 

-2 . 2947E+03 

-2 . 2947E+03 

TOTAL  ADDED  MASS 

(  SLUGS) 

2 . 9326E+06 

2 . 9326E+06 

2 . 9326E  +  06 

HYDRODYNAMIC  DAMPING 

(  SLUGS/SEC) 

7 . 9473E+04 

7 . 9473E  +  04 

7 . 9473E+04 

SPEED  DEPENDENT  DAMP 

.<  SLUGS/SEC) 

4 . 3474E+04 

4 . 3474E+04 

4 . 3474E+04 

STRUCTURAL  DAMPING 

(  SLUGS/SEC) 

1  2168E+04 

1 .216SE+04 

1 .2168E+04 

TOTAL  DAMPING 

<  SLUGS/SEC) 

i  .3511E+05 

1 .3511E+05 

1  35UE+05 

DAMPING/ADDED  MASS 

(i/SEC. ) 

0.046 

0.046 

0 . 046 

PHI-FORCE  6  MOTION 

(  RAD.  ) 

0.019 

0.022 

0  .  026 

MAGNIFICATION  FACTOR 

(NON-D. ) 

i  .4743E+00 

1 .6091E+0Q 

1 . 7857E+0  0 

F  COS ( EPS) 

<  LBS.  ) 

-2 . 3247E+05 

-5 . 8362E+04 

1  8363E+05 

F  SIN  ( EPS) 

(  LBS.  > 

-8. 0183E+04 

-2.6291E+04 

4 . 8239E+04 

F-UAVE  EXCITING  FORCE<  LBS.  > 

2 . 4591E+05 

6 . 4Q11E+04 

1 .8986E+05 

EPS-FORCE  6  WAVE 

(RAD.  ) 

3.474 

3 . 565 

0.257 

DEFLECTION  AT  STERN 

(  FEET  ) 

2 . 8574E-02 

8 . 1 182E-03 

2 . 6721E-02 

EPSi-WAVE  &  VIBRATION!  RAD.  ) 

-3.455 

-3.543 

-0 .231 

M  CQS<EPS2) 

(  LBS.  ) 

-1  2191E+07 

-4 . 0079E+06 

1  6991E+07 

M  SIN ( EPS2 ) 

(LBS.  ) 

1 .9686E+06 

1 .761SE+06 

-1  827SE+06 

M-BENDING  MOMENT  AMID!  LBS.  > 

i . 2349E+07 

4 . 3779E+06 

1 .7089E  +  07 

EPS2-UAVE  &  B.M. 

(RAD.  ) 

2.981 

2.728 

6  176 

SHIP/EFF.  WAVE  LENGTH(NON-D . ) 

4.315 

4.748 

5. 189 

EFFECTIVE -WAVE  LENGTH!  FEET  ) 

231.282 

210.212 

192.321 

ENCOUNTER  FREQUENCY 

(i/SEC.  ) 

1.480 

1.580 

1.680 

RESONANT  FREQUENCY 

(i/SEC.  ) 

2.080 

2.080 

2.080 

SPEED 

(FT/SEC) 

19.800 

19.800 

19.800 

WAVE  HEADING 

(DEG.  > 

170.000 

170 .000 

170 . 000 

HYDRODYNAMIC  A.M. 

(  SLUGS) 

1 .9232E+06 

1 .9232E+06 

1 .9232E  +  06 

SHIP  MASS 

(  SLUGS) 

1  .  0117E+06 

1  .  0117E  +  06 

1 .  0117E  +  06 

SPEED  DEPENDENT  A.M.  (  SLUGS)  -2.2947E+03  -2.2947E+03  -2.2947E+03 
TOTAL  ADDED  HASS  (  SLUGS)  2.9326E+06  2.9326E+06  2.9326E+06 
HYDRODYNAHIC  DAHPING  (  SLUGS/SEC)  7.9473E+04  7.9473E+04  7.9473E+04 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEC)  4.3474E+04  4.3474E+04  4  3474E+04 


STRUCTURAL  DAMPING 

(  SLUGS/SEC) 

1 . 2168E+04 

1 .2168E+04 

1 .2168E+04 

TOTAL  DAMPING 

(  SLUGS/SEC) 

1 . 3511E+05 

1 .3511E+0S 

i  3511E+05 

DAMPING/ADDED  MASS 

(i/SEC 

.  > 

0 . 046 

0 . 046 

0 . 046 

PHI-FORCE  6  MOTION 

(  RAD. 

) 

0  .  032 

0 . 040 

0 . 051 

MAGNIFICATION  FACTOR 

(NON-D 

.  ) 

2 . 0244E+00 

2 . 3623E+00 

2 . 8728E  +  00 

F  COS (EPS) 

(  LBS. 

) 

1 . 3802E+05 

-9 . 7499E+04 

-1 .5232E  +  05 

F  SIN ( EPS ) 

(  LBS. 

> 

6 . 5077E+04 

7 . 9354E+03 

-5 . 5858E+04 

F-UAVE  EXCITING  FORCE(  LBS. 

) 

1 .5259E+05 

9 . 7822E+  04 

i . 6224E+05 

EPS-FORCE  6  WAVE 

(  RAD. 

) 

0.441 

3.060 

3. 493 

DEFLECTION  AT  STERN 

(  FEET 

> 

2. 4347E-02 

1 . 8213E-02 

3 . 6735E-02 

EPS! -WAVE  6  VIBRATION!  RAD. 

) 

-0 . 409 

-3. 021 

-3 . 442 

M  COS( EPS2) 

<  LBS. 

> 

1 . 80 12E+07 

-i  .  5990E  +  07 

-3 . 7871E+07 

M  SIN(EPS2) 

<  LBS. 

) 

-6 . 9772E+06 

-3 . 261 4E+06 

9 . 9724E+06 

M-BENDING  MOMENT  AMID(  LBS. 

) 

1 .9316E+07 

1 . 6319E+07 

3. 9162E+07 

EP S2-UAVE  &  B.M. 

(  RAD. 

}  G-66 

5.914 

3.343 

2 . 884 
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SHIP/EFF.  HAVE  LENGTH(NON-D . ) 

5.639 

6.098 

6.563 

EFFECTIVE  WAVE  LENGTH< 

FEET  ) 

176.968 

163.672 

152.062 

ENCOUNTER  FREQUENCY 

( i/SEC . ) 

1.780 

1.880 

1.980 

RESONANT  FREQUENCY 

< 1/SEC.) 

2.080 

2.080 

2.080 

SPEED 

(FT/SEC) 

19.800 

19.800 

19.800 

WAVE  HEADING 

DEG.  ) 

170.000 

170.000 

170.000 

HYDRODYNAMIC  A.M. 

SLUGS) 

1.9232E+06 

1 . 9232E+06 

1 .9232E+06 

SHIP  MASS 

SLUGS) 

1.0117E+06 

1 . 01 17E+06 

1 . 0117E+06 

SPEED  DEPENDENT  A.M. 

SLUGS) 

-2 . 2947E+03 

-2 . 2947E+03 

-2 . 2947E+03 

TOTAL  ADDED  MASS 

SLUGS) 

2 . 9326E+06 

2 . 9326E  +  06 

2 . 9326E+06 

HYDRODYNAMIC  DAMPING 

SLUGS/SEC) 

7 . 9473E+04 

7 . 9473E+04 

7 . 9473E+04 

SPEED  DEPENDENT  DAMP 

#  { 

SLUGS/SEC) 

4 . 3474E+  04 

4 . 3474E+04 

4.3474E104 

STRUCTURAL  DAMPING 

SLUGS7SEC) 

I  2168E+04 

1 .2168E+04 

1 :2168E+D4 

TOTAL  DAMPING 

SLUGS/SEC) 

1 .3S11E+0S 

i . 351 1E+0S 

1 . 351 1E+0S 

DAMPING/ADDED  MASS 

(1/SEC. ) 

0.046 

0.046 

0.046 

PHI-FORCE  &  MOTION 

( 

RAD.  ) 

0.071 

0.109 

0.221 

MAGNIFICATION  FACTOR 

(NON-D. > 

3 . 7268E+00 

5 . 4302E+00 

1 . 0397E+0 1 

F  COS(EPS) 

< 

LBS.  ) 

2 . 5534E+04 

1.2345E+0S 

9 . 2060E+03 

F  SIN< EPS) 

( 

LBS.  ). 

-4 . 6942E+04 

2 . S718E+04 

6. 1912E  +  04 

F-UAVE  EXCITING  FORCEt 

LBS.  ) 

5 . 3438E+04 

1 .2610E+0S 

6 . 2593E+04 

EPS-FORCE  &  WAVE 

( 

RAD.  ) 

5.211 

0.205 

1.423 

DEFLECTION  AT  STERN 

( 

FEET  > 

1 . 5696E-02 

5 . 3970E-02 

5. 1292E-02 

EPSi-UAVE  &  VIBRATIONt 

RAD.  ) 

-5.140 

-0.096 

-1.202 

M  CQS<EPS2) 

( 

LBS.  ) 

7. 1852E+06 

7 . 4602E+07 

3. 0905E+07 

M  SIN(EPS2) 

( 

LBS.  ) 

1 . 7716E+07 

-4 . 6039E+06 

-7 . 3728E+07 

M-BENDING  MOMENT  AMID( 

LBS.  ) 

1.9118E+07 

7 . 4743E+07 

7 . 9943E+07 

EPS2-UAVE  6  B.M. 

( 

RAD.  ) 

1.185 

6.222 

5.109 

SHIP/EFF.  WAVE  LENGTH* NON-D .  ) 

7.036 

7.515 

8.000 

EFFECTIVE  WAVE  LENGTH* 

FEET  ) 

141.850 

132.807 

124.751 

ENCOUNTER  FREQUENCY 

(i/SEC. ) 

2.080 

2.180 

2.280 

RESONANT  FREQUENCY 

(i/SEC. > 

2.080 

2.080 

2.080 

SPEED 

(FT/SEC) 

19.800 

19.800 

19.800 

WAVE  HEADING 

( 

DEG.  ) 

170 .000 

170 . 000 

170.000 

HYDRODYNAMIC  A.M. 

( 

SLUGS) 

1 .9232E+06 

1 .9232E+06 

1 .9232E+06 

SHIP  MASS 

< 

SLUGS) 

i.0frl7E+06 

1 . 0117E+06 

1 .0117E+06 

SPEED  DEPENDENT  A.M. 

( 

SLUGS) 

-2 . 2947E+03 

-2 . 2947E+03 

-2.2947E+03 

TOTAL  ADDED  MASS 

( 

SLUGS) 

2 . 9326E+06 

2 . 9326E+06 

2 . 9326E+06 

HYDRODYNAMIC  DAMPING 

( 

SLUGS/SEC) 

7 . 9473E+04 

7 . 9473E+04 

7 . 9473E+04 

SPEED  DEPENDENT  DAMP. 

( 

SLUGS/SEC) 

4 . 3474E+  04 

4 . 3474E+04 

4 . 3474E+04 

STRUCTURAL  DAMPING 

( 

SLUGS/SEC) 

1 .2168E+04 

1 .2168E+04 

1 . 2168E+04 

TOTAL  DAMPING 

( 

SLUGS/SEC) 

1 .3511E+05 

1  3511E+05 

1 .3511E+05 

DAMPING/ADDED  MASS 

(i/SEC. ) 

0  .  046 

0.046 

0 . 046 

PHI-FORCE  6  MOTION 

( 

RAD.  ) 

1.571 

2.910 

3.022 

MAGNIFICATION  FACTOR 

(NON-D. ) 

4 . 5146E+01 

9 . 8848E+00 

4 . 9259E+0  0 

F  COS (EPS) 

( 

LBS.  > 

-8 . 4645E+04 

-1 . 3829E+04 

5 . 2443E+04 

F  SIN(EPS) 

( 

LBS.  ) 

3.9918E+03 

-6. 1926E+04 

-2 . 57? 1E+04 

F-UAVE  EXCITING  FORCEt 

LBS.  ) 

8 . 4739E+04 

6 . 3452E+Q4 

5 .  C224E  +  04 

EPS-FORCE  4  WAVE 

( 

RAD.  ) 

3.094 

4.493 

5.834 

DEFLECTION  AT  STERN 

( 

FEET  > 

3 . 0152E-01 

4 . 9434E-02 

2 . 2605E-02 

EPSi-UAVE  4  VIBRATIONt 

RAD.  > 

-1.524 

-1 .S83 

-2.812 

M  C0S(EPS2) 

( 

LBS.  ) 

3 . 5580E+07 

9 . 6286E+05 

-4 . 5342E+07 

M  SIN ( EPS2 ) 

( 

LBS.  ) 

-5 . 2260E+08 

-9 . 5260E+07 

-1 .6616E+07 

M-BENDING  MOMENT  AMID( 

LBS.  > 

5 . 2381E+08 

'  9 . 5265E  +  07 

4 . 8291E+07 

EPS2-UAVE  4  B.M. 

( 

RAD.  )  G-67 

4.780 

4.722 

3.493 
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SHIP/EFF.  WAVE  LENGTH<NON-D . ) 
EFFECTIVE  WAVE  LENGTH!  FEET  > 


8.491 
117.S2 


8.988 

111.042 


9.489 
10S. 170 


ENCOUNTER  FREQUENCY 

(1/SEC. ) 

2 . 3)80 

2.480 

2.S80 

RESONANT  FREQUENCY 

(i/SEC. ) 

2.080 

2.080 

2.080 

SPEED 

(FT/SEC) 

19.800 

19.800 

19.800 

WAVE  HEADING 

< 

DEG.  > 

170  flOO 

170 . 000 

170.000 

HYDRODYNAMIC  A.M. 

( 

SLUGS) 

1 . 9232E+06 

1 . 9232E+06 

1 .9232E+06 

SHIP  MASS 

< 

SLUGS) 

1  .  01 17E+06 

1 . 0117E+06 

1 . 0117E+06 

SPEED  DEPENDENT  A.M. 

( 

SLUGS) 

-2 . 2947E'F03 

-2 . 2947E+03 

-2 . 2947E+03 

TOTAL  ADDED  MASS 

( 

SLUGS) 

2 . 9326E+06 

2.9326E+06 

2 . 9326E+06 

HYDRODYNAMIC  DAMPING 

< 

SLUGS/SEC) 

7.9473E-t?04 

7 . 9473E+04 

7 . 9473E+04 

SPEED  DEPENDENT  DAMP 

.  < 

SLUGS/SEC) 

4 . 3474E-*- 04 

4 . 3474E+04 

4 . 3474E+04 

STRUCTURAL  DAMPING 

( 

SLUGS/SEC) 

1 . 21 68E-FQ4 

1 . 21 68E+04 

1 .2168E+04 

TOTAL  DAMPING  . 

< 

SLUGS/SEC) 

1 . 3S11E+05 

1 .3S11E+0S 

1 .3S11E+05 

DAMPING/ADDED  MASS 

(i/SEC. ) 

0 . 046 

0 . 046 

0.046 

PHI-FORCE  &  MOTIIQN 

< 

RAD.  ) 

3.060 

3.079 

3.091 

MAGNIFICATION  FACTOR 

(NON-D. > 

3 , 2227Ef00 

2 . 3673E+00 

1 .8544E+00 

F  COS(EPS) 


(  LBS.  > 


2 . 3776E4-03  -2 . 9208E  +  04  1.5134E+04 


F  SIN(EPS) 

( 

LBS. 

) 

5 . 7024E+04 

3 . 8377E  +  04 

-5 . 2991E+04 

F-UAVE  EXCITING  FORCE! 

LBS. 

) 

5 . 7074E+04 

4 . 822BE+04 

S.S110E+04 

EPS-FORCE  A  WAVE 

( 

RAD. 

> 

i  .£29 

2.221 

4.991 

DEFLECTION  AT  STERN 

! 

FEET 

> 

1 .4497E-02 

0 . 9983E-03 

8 . 0547E-03 

EPS1-UAVE  6  VIBRATION! 

RAD. 

) 

1.531 

0.858 

-1.900 

M  C0S!EPS2) 

( 

I  BS  . 

> 

6 . 2362E+05 

1 .4895E+07 

-6 . 8226E+06 

M  SIN(EP!52) 

! 

LBS. 

> 

3. 4143E+07 

1 . 7899E+07 

-2. 1626E+07 

M-BENDING  MOMENT  AMID! 

LBS. 

) 

3 . 4149E+Q7 

2 . 3286E+07 

2 . 2677E+07 

EPS2-WAVE  6  B.M. 

! 

RAD  . 

> 

1.553 

0.877 

4.407 

SHIP/EFF.  WAVE  RENGTH(NON-D . 

) 

9.996 

10.508 

11 . 024 

EFFECTIVE  WAVE  LENGTH! 

FEET 

) 

99.837 

94.977 

90.531 

ENCOUNTER  FREQUENCY 

(i/SEC . 

) 

2.680 

2.780 

2.880 

RESONANT  FREQUENCY 

(1/SEC. 

) 

2. 080 

2.080 

2.080 

SPEED 

(FT/SEC) 

19.800 

19.800 

19.800 

WAVE  HEADING  I 

! 

DEG. 

) 

170 . 000 

170 . 000 

170 . 000 

HYDRODYNAMIC  A|.M. 

! 

SLUGS) 

1  9232E+06 

1  9232E+06 

1 .9232E+06 

SHIP  MASS 

( 

SLUGS) 

1  .  01 17E+06 

1 . 01.17E  +  06 

1 . 0117E+06 

SPEED  DEPENDENT  A.M. 

( 

SLUGS  > 

-2 . 2947E+03 

-2 . 2947E+03 

-2 . 2947E+03 

TOTAL  ADDED  MASS 

( 

SLUGS) 

2 . 9326E+06 

2 . 9326E+06 

2 . 9326E+06 

HYDRODYNAMIC  DAMPING 

! 

SLUGS/SEC) 

7 . 9473E+04 

7 . 9473E+  04 

7 . 9473E+04 

SPEED  DEPENDENT  DAMP 

.  < 

SLUGS/SEC) 

4 . 3474E+04 

4 . 3474E+04 

4 . 3474E+04 

STRUCTURAL  DAMPING 

! 

SLUGS/SEC) 

1 . 2168E+04 

1 .2168E+04 

1 .2168E+04 

TOTAL  DAMPING 

< 

SLUGS 

i/SEC) 

1 . 351 lE+05 

1 .3511E+05 

1 .3511E+05 

DAMPING/ADDED  MASS 

<  1/SEC . 

) 

0 . 046 

0  .  046 

0  .  046 

PHI-FORCE  6  MOTION 

! 

RAD  . 

) 

3.098 

3. 104 

3.108 

►MAGNIFICATION  FACTOR 

(NON-D. 

) 

1 . S134E+00 

1 . 2708E+00 

1 . 0397E+0  0 

F  COS(EPS) 

( 

LBS. 

> 

i . 1772E+04 

-3 . 3228E+04 

3 . 7365E+03 

F  SIN<EPS) 

( 

LBS. 

> 

-4 . 5542E+0  4 

5 . 2025E+04 

-t .  8440E+04 

F-UAVE  EXCITING  FORCE! 

LBS  . 

) 

4.7039^+04 

6. 1731E+04 

4 . B584E+04 

EPS-FORCE  6  WAVE 

( 

RAD. 

) 

41.965 

2.139 

1 . 494 

DEFLECTION  AT  STERN 

( 

FEET 

> 

5 . 61 09E-03 

6 . 1830E-03 

4. 1727E-03 

EF'Sl -WAVE  6  VIBRATION! 

RAD  . 

> 

-1.867 

0.965 

1.614 

M  COS  <  EPS2 ) 

! 

LBS  . 

> 

-4 . 7696E+06 

1 . 1256E+07 

-8 . 2340E+05 

M  SIN(EPS2) 

( 

LBS  . 

) 

-1 . 6S62E+07 

1 .7080E+07 

1 .4953E+07 

M-BENDING  MOMENT  AMID! 

LBS. 

> 

1 .7235E+07 

2. 0456E+07 

1 . 4976E+07 

EPS2-UAVE  6  BfM. 

( 

RAD  . 

)  G—  68 

4.432 

0.988 

1 . 626 
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SHIP/EFF.  WAVE  LENGTH(NON-D . )  11.544 
EFFECTIVE  WAVE  LENGTH(  FEET  >  86.450 
ENCOUNTER  FREQUENCY  (i/SEC.)  2.980 
RESONANT  FREQUENCY  < 1/SEC. >  •  2.080 
SPEED  .  (FT/SEC)  19.800 
WAVE  HEADING  (  DEC.  )  170.000 
HYDRODYNAHIC  A.H.  (  SLUGS)  ’  1.9232E+06 
SHIP  MASS  •  (  SLUGS)  1.0117E+06 
SPEED  DEPENDENT  A.M.  <  SLUGS)  -2.2947E+03 
TOTAL  ADDED  MASS  (  SLUGS)  2.9326E+06 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC)  7.9473E+04 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEC)  4.3474E+04 
STRUCTURAL  DAMPING  (  SLUGS/SEC)  1.2168E+04 
TOTAL  DAMPING  <  SLUGS/SEC)  1.351 1E+0S 
DAMP ING/ADDED  MASS  (1/SEC.)  0.046 
PHI-FORCE  6  MOTION  (  RAD.  )  3.111 
MAGNIFICATION  FACTOR  (NON-D.)  9.4959E-01 
F  COS (EPS)  (  LBS.  )  4 . 8926E+04 
F  SIN(EPS)  (  LBS.  )  -5 . 4342E+04 
F-WAVE  EXCITING  FORCE(  LBS.  )  7.3121E+04 
EPS-FORCE  4  WAVE  (RAD.  )  5.445 
DEFLECTION  AT  STERN  (  FEET  )  S.4726E-03 
EPSi-WAVE  6  VIBRATION(  RAD.  )  -2.334 
M  COS (EPS2)  (  LBS.  )  -1.4164E+07 
M  SIN(EPS2)  (  LBS.  )  -1.5508E+07 
M-BENDING  MOMENT  AMID(  LBS.  )  2.1003E+07 
EPS2-WAVE  6  B.M.  .  (  RAD.  )  3.972 
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SHIP  DATA  FILE  NAME?  CASE7  - 
OFFSET  DATA  FILE  NAME?  0FC02 
SPEED?  17. 01017. DIO 
FREQ.?  1.00503.0050.1 
HEADING?  180. 


SPM2Z  S.  J.  CORT 

CASE7 

12/29/80 

14:26:42 

PAGE 

SHIP/EFF.  WAVE  LENGTH(NON-D. ) 

2.603 

3.018 

3.448 

EFFECTIVE  WAVE  LENGTH!  FEET  ) 

383.337 

330.717 

289.432 

ENCOUNTER  FREQUENCY 

(1/SEC.) 

1.005 

1.105 

1.205 

RESONANT  FREQUENCY 

< 1/SEC . ) 

2.205 

2.20S 

2.205 

SPEED 

(FT/SEC) 

17.010 

17.010 

17.010 

WAVE  HEADING 

(  DEG.  ) 

180.000 

180.000 

180.000 

HYDRODYNAMIC  A.H. 
SHIP  MASS 


<  SLUGS) 
(  SLUGS) 


SPEED  DEPENDENT  A.H.  (  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEC) 
STRUCTURAL  DAMPING  <  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (1/SEC.) 

PHI-FORCE  4  MOTION  (  RAD.  ) 

MAGNIFICATION  FACTOR  (NON-D.) 

F  COS(EPS)  (  LBS.  ) 

F  SIN(EPS)  (  LBS.  ) 

F-UAVE  EXCITING  FORCE<  LBS.  > 
EPS-FORCE  &  WAVE  (  RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  ) 
EPS1-UAVE  6  VIBRATION!  RAD.  ) 

H  C0SIEPS2)  (LBS.  ) 

H  SINIEPS2)  (  LBS.  ) 

H-BENDING  MOMENT  AMID(  LBS.  ) 
EPS2-WAVE  4  B.H.  (  RAD.  ) 


2.3482E+06 
9.5377E+05 
-1 . 1353E+03 
3. 3009E+06 
7.S469E+04 
4  8323E+04 
1  S132E+04 
1 . 3892E+0S 
0.042 
0.011 
1.2621E+00 
2.266DE+04 
i . 4081E+05 
1 . 4262E+0S 
1.411 
1.1216E-D2 
-1.400 
1.0451E+06 
-3. 1364E+06 
3. 30S0E+06 
5.034 


2 - 3A82E+06 
9.5377E+0S 


2.3482E+06 

9.5377E+05 


■1 . 1353E+03  -1 . 1353E+03 
3.3C09E+06  3.3009E+06 


7.5469E+04 
4. 8323E+04 
1 . 5132E+04 
13892E+DS 
0.042 
0.013 
1 . 3352E+00 
-7. 8986E+04 
2. 1127E+04 
8. 1763E+04 
2.880 
6. 802SE-03 
-2.867 
■2.5212E+06 
■9. 1904E+05 
2.6834E+06 
3.491 


7.5469E+04 
4.8323E+04 
1.5132E+04 
1 . 3892E+0S 
0 . 042 
0.015 
1.4257E+00 
1.3316E+04 
-1.5217E+0S 
1 .S275E+05 
4.800 
1.3569E-02 
-4.785 
4. 1562E+05 
7. 0247E+06 
7. 0370E+06 
1.512 


SHIP/EFF.  WAVE  LENGTH ( NON-D. ) 
EFFECTIVE  HAVE  LENGTH!  FEET  > 
ENCOUNTER  FREQUENCY  (1/SEC.) 
RESONANT  FREQUENCY  (1/SEC.) 
SPEED  (FT/SEC) 

WAVE  HEADING  <  DEG.  ) 

HYDRODYNAMIC  A.M.  <  SLUGS) 

SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  A.H.  <  SLUGS) 
TOTAL  ADDED  HASS  (  SLUGS) 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . <  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
1DTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (1/SEC.) 

PHI-FORCE  4  MOTION  (  RAD.  ) 

MAGNIFICATION  FACTOR  (NON-D. ) 

F  COS(EPS)  (  LBS.  ) 

F  SIN! EPS)  (  LBS.  ) 

F-VAVE  EXCITING  FORCE(  LBS.  ) 
EPS-FORCE  4  UAVE  (  RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  ) 
EPSl-L'AVE  4  VIBRATION!  RAD.  > 

H  COS ( EPS2)  (  LBS.  ) 

M  SIN(EP32)  (  LBS,  ) 

H-BENDING  MOMENT  AHID(  LBS.  ) 
EPS2-VAVE  4  B.H.  (  RAD.  ) 


3.893 
256  333 
1.305 
2.205 
17.010 
180.000 
2. 34B2E+06 
9.5377E+05 
-1 . 1353E+03 
3. 3009E+06 
7.5469E+04 
4.6323E+04 
1.5132E+04 
1 . 3892E+05 
0.042 
0.017 
1 . S3S9E+0  0 
1.0S60E+0S 
-1  246SE+05 
1.6337E+05 
5.415 
1.5665E-02 
-5.398 
6. 1149E+06 
7.8572E406 
9.9563E+06 
0.909 


4.352 
229.311 
1.405 
2.205 
17.010 
180.000 
2.3462E+06 
9.S377E+05 
-1 . 13S3E+03 
3. 3009E+06 
7.5469E+04 
4.8323E+04 
1.5132E+04 
i , 3892E+05 
0.042 
0.020 
1  6632E400 
6. 4012E+03 
9. 9465E+04 
9.9671E+04 
1.507 
1.0453E-02 
-1  486 
6.S792E+05 
8. 37S6E+06 
8. 4014E+06 
4.791 


4.823 
206.906 
1.505 
2.205 
17.010 
180.000 
2  34B2E+06 
9.5377E+05 
-1.13S3E+03 
3.3009C+06 
7.5469E+04 
4.8323E+04 
1.S132E+04 
1 . 3892E+05 
0.042 
0.024 
1.8716E+00 
-8. 6394E+04 
1 . B079E+0S 
2.0037E+05 
2.017 
2.3367E-02 
-1.992 
-8.5942E+06 
-1.9&96E+07 
2. 1489E+07 
4.301 
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SHIP/EFF.  WAVE  LENGTH (NON-D.) 
EFFECTIVE  WAVE  LENGTH (  FEET  ) 
ENCOUNTER  FREQUENCY  (1/SEC.) 
RESONANT  FREQUENCY  < 1/SEC.) 
SPEED  (FT/SEC) 

WAVE  HEADING  (DEG.  ) 

HYDRODYNAMIC  A.N.  (  SLUGS) 

SHIP  MASS  (  SLUGS)  . 

SPEED  DEPENDENT  A.H.  (  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 
HYDRODYNAMIC  DAMPINC  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP.(  SLUGS/SEC) 
STRUCTURAL  DAMPINC  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUCS/SEC) 

DAMP ING/ADDED  MASS  (1/SEC.) 
PHI-FORCE  &  MOTION  (  RAD.  ) 
MAGNIFICATION  FACTOR  (NON-D.) 

F  COS(EPS)  (  LBS.  ) 

F  SIN(EPS)  (  LBS.  ) 

F-IIAVE  EXCITING  FORCE(  LBS.  ) 


Jt/t*  /  uv 

A1  O.W  • 

1  HUb 

5.306 

5.800 

6.303 

188.079 

172.074 

158.328 

1.605 

1.705 

1.805 

2.205 

2.205 

2.205 

17.010 

17.010 

17.011 

160.000 

180.000 

180.000 

III -28 


(  SLUGS/SEC) 
(  SLUCS/SEC) 
(1/SEC.) 

(  RAD.  ) 


2.3402E+O6 
9.5377E+0S 
-1.13S3E+03 
3 . 30  09E+06 
7.5469E+04 
4.  B323E+04 
1.S132E+04 
1.3892E+05 
1.042 
0.030 
2.12S9E+00 
2.3473E+04 
-3.4921E+04 
4.2076E+04 


2.3482E+06. 

9.S377E+0S 


2.3482E+06 

9.5377E+0S 


-1. 1353E+03  -1.13S3E+03 
3.3009E+06  3.3009E+06 


7.S469E+04 
4. 8323E+04 
1.5132E+04 
1.3892E+0S 
1.042 
0.037 
2. 4853E+00 
1. 1544E+0S 


7.S469E+04 
4.8323E+04 
1 . S132E+04 
1.38920 
1.042 
0.047 
3. 0278E+00 
•4.6624E+03 


EPS-FORCE  6  WAVE 

(  RAD.  ) 

5.304 

5.250 

DEFLECTION  AT  STERN 

(  FEET  > 

S.S737E-03 

3.4916E-02 

EPS1-WAVE  A  VIBRATION*  RAD.  ) 

-5.275 

-5.213 

N  COS ( EPS2 ) 

(  LBS.  ) 

3.4304E+06 

2. 1394E+07 

M  SIN(EPS2) 

(  LBS.  ) 

S.4967E+06 

3.BS2SE+07 

H-BENDING  MOMENT  AHID(  LBS.  ) 

6.4793E+06 

4.4066E+07 

EPS2-WAVE  A  B.M. 

(  RAD.  ) 

1.113 

1.064 

SHIP/EFF.  WAVE  LENGTH ( NON-D. ) 

6.816 

7.338 

EFFECTIVE  WAVE  LENGTH!  FEET  ) 

146.414 

136.005 

ENCOUNTER  FREQUENCY 

< 1/SEC.) 

1.905 

2.105 

RESONANT  FREQUENCY 

(i/SEC.) 

2.205 

2.285 

SPEED 

(FT/SEC) 

17.010 

17.010 

WAVE  HEADING 

(  DEG.  ) 

180.000 

180.000 

HYDRODYNAMIC  A.H. 
SHIP  HASS 


(  SLUGS) 
<  SLUGS) 


SPEED  DEPENDENT  A.M.  <  SLUGS) 
TOTAL  ADDED  MASS  (  SLUGS) 
HYDRODYNAMIC  DAMPING  (  SLUCS/SEC) 
SPEED  DEPENDENT  DAMP . <  SLUGS/SEC) 
STRUCTURAL  DAMPING  <  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  < 1/SEC.) 

PHI-FORCE  A  MOTION  <  RAD.  ) 

MAGNIFICATION  FACTOR  (NON-D.) 


F  COS (EPS) 
F  SIN(EPS) 


(  LBS.  ) 
(  LBS.  ) 


F-UAVE  EXCITING  FORCE<  LBS.  > 
EPS-FORCE  A  HAVE  (RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  > 
EPS1-UAVE  A  VIBRATION!  RAD.  ) 
M  COS ( EPS2 >  (  LBS.  ) 
H  SIN(EPS2>  (  LBS.  ) 
M-BENDING  MOMENT  AMID(  LBS.  ) 
EPS2-UAVE  A  B.M.  (  RAD.  ) 


2.3482E+06 

9.5377E+DS 


-1.13S3E+03  -1 . 13S3E+03 
3.3009E+06  3.3009E+O6 


7.5469E+04 
4. B323E+04 
1.5132E+04 
1.3892E+05 
1.042 
1.065 
3.9349E+00 
-8.2343E+04 
1 . 8S23E+ OS 
2.0271E+0S 
1.989 
4.9700E-02 
-1.924 
-2.8118E+07 
-7.6109E+07 
8. 1137E+87 
4.358 


-1.9367E+05  -8.2S81E+03 
2.2547E+05  9.4833E+03 
5.250  4.198 

3.4916E-02  1.7891E-03 
-5  213  -4.151 

2. 1394E+07  -1.5564E+06 
3.8525E+07  2.1421E+06 
4. 4O66E+07  2.6478E+06 
1.064  2.199 


7  868 
126.845 
2.105 
2.205 
17.010 
180.000 
2.3482E+06 
9.5377E+0S 
-1.1353E+03 
3.3009E+06 
7.S469E+04 
4.8323E+04 
1.5132E+04 
1.3892E+05 
0.042 
1.203 
i.lOSOE+Oi 
9.4776E+04 
-1.7037E+05 
1.9496E+05 
5.220 
1.3423E-01 
-5.017 
8.1917E+07 
2.62S6E+08 
2.7504E+08 
1.268 


2.3482E+06 

9.S377E+05 


7.S469E+04 
4.8323E+04 
1.5132E+04 
1.3892E+05 
0.042 
0.100 
5.7456E+00 
4. 8946E+04 
2.2013E+04 
5.3668E+04 
0.423 
1.9213E-02 
-0.323 
3.S434E+I7 
•9.9S44E+06 
3. 68O6E+07 
6.009 
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SHIP/EFF  WAVE  lENGTH<NON-D. ) 
EFFECTIVE  WAVE  LENGTH!  FEET  ) 
ENCOUNTER  FREOUENCT  (i/SEC.) 
RESONANT  FREQUENCY  (1/SEC.) 
SPEED  (FT/SEC) 

HAVE  HEADING  (  DEG.  )  „ 

HYDRODYNAMIC  A.N.  (  SLUGS) 

SHIP  HASS  (  SLUGS) 

SPEED  DEPENDENT  A.N.  (  SLUGS) 
TOTAL  ADDED  HASS  (  SLUGS) 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAHP.(  SLUGS/SEC) 
STRUCTURAL  DAMPING  <  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (1/SEC.) 

PHI-FORCE  6  MOTION  (  RAD.  ) 


MAGNIFICATION  FACTOR  (NON-D.) 
F  COS(EPS)  (  LBS.  ) 
F  SIN(EPS)  (  LBS.  > 
F-WAVE  EXCITING  FORCE (  LBS.  ) 
EPS-FORCE  &  WAVE  (RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  ) 
EPS1-WAVE  &  VIBRATION!  RAD.  > 
H  C0S!£PS2)  <  LBS.  ) 
H  SIN(EPS2)  (  LBS.  ) 
K-BENDING  MOHENT  AMID!  LBS.  ) 
EPS2-UAVE  A  B.M.  <  RAD.  ) 


8.404 

118.732 

2.205 

2. 205 
17.010 

180.000 
2.3482E+06 
9.5377E+05 
-1.13S3E+03 
3.3C09E+06 
7.5469E+04 
4.8323E+04 
1.5132E+04 
1 .3892E+05 
0.042 
1.571 
S.2392E+01 
-4.672SE+04 
-1.0919E+04 
4.798<iE+04 
3.371 
1.5444E-01 
-1.800 
-8.2295E+07 
-3.5848E+08 
3.6781E+08 
4.487 


8.950 
111.502 
2.305 

2.205 
17.010 
180.000 
2.3482E+06 
9.5377E+05 
-1 . 1353E+03 
3.3009E+56 
7.5469E+04 
4  8323E+04 
1.5132E+Q4 
1.3892E+05 
C.C42 
2.930 
1 . 0539E+01 
-5. 0435E+04 
1.S126E+05 
1.5944E+05 
1.693 
1.0471E-01 
1 . 037 

1.2922E+08  • 
2.3794E+08  - 
2.7076E+08 
1.073 


9.502 
105.026 
2.405 

2.205 
17.010 
180.000 
2.3482E+06 
9.5377E+05 
-1.1353E+03 
3. 3009E+06 
7. 5469E+04 
4.8323E+04 
1.S132L+04 
1.3892E+05 
0.0T2 
3.032 
5.2419E+0® 
8. 111BE+04 
•1.8289E+Q4 
6 . 3154E-*  34 
6.061 
2.7159E-02 
-3.029 
7. 3879E+07 
9.80SSE+06 
7. 4527E+07 
3.274 


SHIP/EFF.  WAVE  LENGTH!NON-D. ) 
EFFECTIVE  HAVE  LENGTH!  FEET  ) 
ENCOUNTER  FREQUENCY  < 1/SEC.) 
OESONANT  FREQUENCY  ! i/SEC.) 
SPEED  (FT/SEC) 

RAVE  HEADING  (  DEG.  ) 

HYDRODYNAMIC  A.M.  <  SLUGS) 

SHIP  MASS  !  SIUGS) 

SPEED  DEPENDENT  A.M.  <  SlUGS) 
TOTAL  ADDED  MASS  !  SLUGS) 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP.!  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMP  TNG/ ADDED  MASS  <i/SEC.) 

PHI-FORCE  6  MOTION  (  RAD.  ) 


MAGNIFICATION  FACTOR  !NON-D. ) 
F  COS (EPS)  (  LBS.  ) 
F  SIN(EPS)  (  LBS.  ) 
F-VAVE  EXCITING  FORCE!  LBS.  ) 
EPS-FORCE  &  WAVE  (RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  ) 
EPS1-UAVE  4  VIBRATION!  RAD.  ) 
M  C0S!EPS2>  <  LBS.  ) 
M  SINIEPS2)  (  LBS.  > 
M-BEND1NG  MOMENT  AMID!  LBS.  ) 
EPS2-WAVE  UK.  (  RAD.  > 


10.061 
99.196 
2.505 

7.205 
17.010 
180.000 
2.3482Et06 
9.5377E+05 
-1.1353E+03 
3. 3009E+06 
7.5469E+04 
4.8323E+04 
1 . 5132E+04 
1I3892E+0S 
0.042 
3.067 
3.4314E+00 
2.9896E+Q4 
-1.2390E+05 
1.2746E' 05 
4.949 
2.7251E-02 
-1.882 
-2.394CE+07 
-8. 0920E+07 
8. 4387E+07 
4.425 


10.626 
93.924 
2.605 
2  20S 
17.010 
180.000 
2.3482E+06 
9.5377E+05 
-1 . 1353E+03 
3.3009E+06 
7.5469E+04 
4.8323E+04 
1.5132E+04 
1.3892E+05 
0.042 
3.085 
2.S229E+00 
-6.7522E+04 
5.6243E+04 
B.7B7BE+04 
2.447 
1.3B15E-02 
0.638 
3.5752E+07 
2  8125E+07 
4.5489E+07 
0.667 


11.196 
89.136 
2.705 

2.205 
17.010 
180.000 
2.3482E+06 
9.5377E+D5 
-1 . 13S3E+03 
3.3009E+06 
7.5469E+04 
4.8323E+04 
1.5132E+04 
1.3892E+05 
0.042 
3.095 
1.9783E+06 
3. 1388E+04 
8.4065E+04 
B.9734E+04 
1.213 
1.1061E-02 
1.882 
-1  25B8E+07 
3  8039E+07 
4.0068E+07 
1.890 


S.  J.  COST 


SHIP/EFF.  HAVE  LENGTH ( NON-D. > 
EFFECTIVE  HAVE  LENGTH!  FEET  ) 
ENCOUNTER  FREQUENCY  (i/SEC.) 
RESONANT  FREQUENCY  (1/SEC.) 
SPEED  (FT/SEC) 

HAVE  HEADING  (  DEG.  > 

HYDRODYNAMIC  A.H.  (  SLUGS) 

SHIP  HASS  (  SLUGS) 

SPEED  DEPENDENT  A.H.  <  SLUGS) 
TOTAL  ADDED  HASS  (  SLUGS) 
HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAHP.t  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  HASS  (1/SEC.) 
PHI-FORCE  A  NOTION  (  RAD.  ) 
MAGNIFICATION  FACTOR  (NON-D.) 

F  COS (EPS)  (  LBS.  ) 

F  SIN(EPS)  (  LBS.  ) 

F-UAVE  EXCITING  FORCEt  LBS.  ) 
EPS-FORCE  A  HAVE  (RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  ) 
EPS1-WAVE  A  VIBRATION!  RAD.  ) 

N  COS(EPS2)  (  LBS.  ) 

H  S1N(EPS2>  (  LBS.  ) 

H-BENDING  MOMENT  AHIDt  LBS.  ) 
EPS2-HAVE  A  B.H.  (  RAD.  ) 


12/29/80 

14:26:42 

PAGE 

11.773 

12.3SS 

12.941 

84.772 

8(.78( 

77.116 

2  80S 

2.905 

3.(05 

2.2(5 

2.2(5 

2.205 

17.IK 

17. (1( 

17.019 

18(. ((( 

189. ((( 

180. 00( 

111-30 


2.3482E+06 
9.S377E+0S 
— 1 . 13S3E+83 
3.3009E+06 
7.5469E+04  7.S469E+04  7.5469E+04 
4.8323E+04  4.8323E+04  4.B323E+04 
1.S132E+04  1.S132E+04  1.5132E+04 
1.3R92E+0S  1.3B92E+QS  1  3892E+05 
1.(42  (.(42  (.942 

3.1(2  3.1(7  3.111 

1.6162E*9(  1 . 3S85E+C0  1.1660E+00 
6. 0920E+04  -6.1202E+04  -5.2379E+03 
-B.7064E+04  -2.7919E+04  9.S746E+04 
1.0626E+0S  6.7270E+04  9.S889E+04 
5.323  3.57(  1.625 

1 . (701E-02  5.6940E-03  6.9664E-03 
-2.221  -(.462  1.486 

-2:4285E+07  2.1272E+07  2.1646E+06 
-3. 3839E+07  -1 . 0349E+07  3.1490E+07 
4.1651E+0?  2.3656E+B7  3.1S64E+07 
4.099  5.83(  1.502 


2.3482E+C6 

9.5377E+05 


2.3482E+06 

9.5377E+0S 


-1. 1353E+03  -1 .1353E+03 
3 . 3009E+06  3. 3009E+06 


7.5469E+04 

4.B323E+04 

1.5132E+04 

1.3392E+0S 

(.042 

3.111 

1.1660E+00 


9.5889E+04 

1.625 

6.9664E-03 

1.486 

2.1646E+06 

3.1490E+07 

3.1S64EX7 

1.502 


> 


111-31 


SPM2G163  18  DEC  BO  14=23 


SHIP  DATA  FILE  NAME?  CASES 
OFFSET  DATA  FILE  NAME?  0FC0R3 
SPEED?  17.01017.010 
FREQ.?  1.50503.0050.1 
HEADING?  160. 


SPM2Z  S.  J.  CORT  CASE8 


SHIP/EFF.  WAVE  LENGTH(NON-D . ) 
EFFECTIVE  WAVE  LENGTH<  FEET  ) 
ENCOUNTER  FREQUENCY  (i/SEC.) 
RESONANT  FREQUENCY  (i/GEC.) 
SPEED  (FT/SEC) 

WAVE  HEADING  (  DEG.  ) 

HYDRODYNAMIC  A.M.  (  SLUGS) 

SHIP  MASS  (  SLUGS) 

mi  JSEfBW-"-  \  sluBII 

HYDRODYNAMIC  DAMPING  <  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  < 1/SEC.) 

PHI -FORCE  6  MO t ION  <  RAD.  ) 

MAGNIFICATION  FACTOR  (NON-D.) 

F  COS(EPS)  <  LBS.  > 

F  SIN(EPS)  (  IBS.  ) 

F-UAVE  EXCITING  FORCE (  LBS,  ) 

EPS-FORCE  6  WAVE  <  RAD.  ) 


12/18/ 


14=23=58 


PAGE  1 


DF:  ELECTION  AT  STERN  ( 
EPS1-WAVE  6  VIBRATION! 
M  COS ( EPS2 )  < 
M  SIN(EPS2)  ( 
M-BENDING  MOMENT  AMID! 


EPS2-WAVE 


! i/SEC. 
!  RAD. 

!  NON-D. 
!  LBS. 

(  I  BS. 

!  LBS. 

!  RAD. 

!  FEET 
!  RAD. 

<  LBS. 
i  LBS. 

(  LBS. 


(  RAD. 


4.677! 

213  373 
1.50S 
2 . 205 
17.010 
160 . 000 
2 . 3S93E+06  2 

.  9 . 5377E+0S  9 

-i.mr+n  -§ 

7 . 1679E+04  7 

1.4039E+04  1 

1 . 5182E+04  1 

1 . 0090E+05  1 

0 . 030 
0  .  018 

1  . B719E+00  2. 

-1 .3304E+0S  r5. 
1.6307E+0S  8. 

2 . 1 0  45E  +  05  1. 

2.255 

2 . 4483E-02  1. 

-2.237 

-1 . 4273E+07  -6. 
-1 . 8365E+07  -1 ■ 
2 . 3259E  +  07I  1. 

4 . 052'  i 


5.149 
193.813 
1.605 
2.20S 
17.010 
160 . 000 
. 3593E+06 
. S377E+05 
6336E+03 
3094E+06 
.  1679E+U4 
.  4039E  +  04 
.  51R2E+04 
.  0090E+05 
0 . 030 
0.021 
.  1264E  +  00 
.  1931E  +  04 
.  3966E  +  04 
.  0301E+05 
2.099 
3613E-02 
-2.078 
.  2281E+06 
.  2669E  +  07 
.  4117E+07 
4.255 


5.632 
177.197 
1.705 
2.205 
17.010 
160.000 
2 . 3593E+06 
9 . 5377E+05 
-3.4336E+03 
3. 3094E+06 
7. 1679E404 
1 .4039E+04 
1 .51B2E+04 
1 . 0  090E+05 
0 . 030 
0  027 
2. 4861E+00 
1 .6092E+05 
-1 .2923E+05 
2. 0639E+05 
5.607 
3. 1888E-02 
-5.580 
3. 1664E+07 
2 . 7492E+07 
4 . 1933E+07 
0.715 


SHIP/EFF.  WAVE  LENGTH! NON-D . ) 
EFFECTIVE  WAVE  LENGTH!  FEET  ) 


ENCOUNTER  FREQUENCY  (l/SKC.) 

RESONANT  FREQUENCY  !i/SEC.) 

SPEED  ! FT/SEC) 

WAVE  HEADING  -  !  DEG.  > 

HYDRODYNAMIC  A.M.  !  SLUGS) 

SHIP  MASS  !  SLUGS) 

SPEED  DEPENDENT  A.M.  !  SLUGS) 
TOTAL  ADDED  MASS  !  SLUGS) 

HYDRODYNAMIC  DAMPING  !  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP.!  SLUGS/SEC) 
STRUCTURAL  DAMPING  !  SLUGS/SEC) 

TOTAL  DAMPING  <  SLUGS/SEC) 

DAMPING/ADDED  MASS  ! i/SEC . 

PHI-FORCE  6  MOTION  !  RAD. 

MAGNIFICATION  FACTOR  (NON-D. 

p  m\mi  \  L-ii: 

F-WAVE  EXCITING  FORCE!  LBS. 
EPS-FORCE  6  WAVE  (  RAD. 

DEFLECTION  AT  STERN  !  FEET 
EP SI -WAVE  6  VIBRATION!  RAD. 

M  COS ! EPS2 )  (  I  BS. 

M  SIN! EPS2)  (  LBS. 

M-BENDING  MOMENT  AMID!  LBS. 

EFJS2  -  WAVE  4  D  M.  (RAD. 


6. 125 
162  936 
1 . 805 
2.205 
17.010 
160 . 000 
2 . 3593E+06 
9 . S377E+05 
-3 . 6336E+03 
3 . 30942+06 
7. 1679E+04 
1 . 4039E+04 
1 . 51 82E+04 
1 . 0090E+05 
0.030 
0  .  034 
3 . 0294E+00 


6.628 
150 . 584 
1.905 
2.205 
17 .010 
160 . 000 
2 . 3593E+06 
9 . 5377E+05 
-3 . 6336E+03 
3 . 3094E  +  06 
7. 1679E+04 
1 . 4039E+04 
1 . 5182E+04 
1  .  0090E  +  05 
0.030 
0 . 047 
3 . 9389E+00 


-Him xn  - 


i .6477E+05 
5.352 
3. 1021E-02 
-5  317, 
2 . 371 3E+07 ' 
3 . 60  46E  +  07 
4  31 46E+07 
0 . 989 


1 .5284E  +  05 
2.534 
3.741 4E-02 
-2.487 
-4 . 9567E+07 
-3 . 9729E+07 
6 . 3524E+07 
3  FJ 1 7 


7.139 
139.800 
2.005 
2.205 
17.010 
160 . 000 
2 . 3593E+06 
9 . 5377E+05 
-3.6336E+03 
3 . 3094E+06 
7. 1679E+04 
1 . 4039E+04 
1 .51FJ2E+0  4 
1 . 0  090E+05 
0 . 030 
0 . 072 
5 . 7592E+0  0 

-utmn 

1 . 5890E+05 
2.037 
5. 6874E-02 
-1.965 
-3 . 6308E+07 
-9 . 43P2E+07 
i . 0110E+08 
4.344 


I I 1-32 


SPH22  S.  J.  COAT  CASE8 


12/18/80 


14:23:58 


SHIP/EFF.  WAVE  LENGTH(NON-D. ) 
EFFECTIVE  WAVE  LENGTH(  FEET  > 
ENCOUNTER  FREQUENCY  < 1/SEC. > 
RESONANT  FREQUENCY  (i/SEC.) 

HPhmim  iF5£§Eci 

ot°®",c  ah-  f  itygi; 


SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  A.M.  (SLUGS) 
TOTAL  ADDED  MASS  <  SLUGS) 
HYDRODYNAMIC  DAMPING  <  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP  .  (  Sl.UGS/SEC) 
STRUCTURAL  DAMPING  <  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (i/SEC.) 
PHI-FORCE  4  MOTION  (RAD.  ) 

MAGNIFICATION  FACTOR  (NON-D.) 

F  COS(EPS)  (  LBS.  ) 

F  SIN(EPS)  (  LBS.  > 

F-WAVE  EXCITING  FORCE<  LBS.  > 
EPS-FORCE  4  WAVE  (  RAD.  ) 

DEFLECTION  AT  STERN  (  FEET  ) 
EPSi-UAVE  4  VIBRATION<  RAD.  ) 

M  C0S(EPS2)  (  LBS.  ) 

M  SIN(EPS2)  (  LBS.  ) 

M -BENDING  MOMENT  AMID<  LBS.  ) 

EPS2-WAVE  4  B.M.  (RAD.  ) 


SHIP/EFF.  WAVE  LENGTH<NON-D . ) 
EFFECTIVE  WAVE  LENGTH<  FEET  ) 
ENCOUNTER  FREQUENCY  (1/SEC. > 

RESONANT  FREQUENCY  tl/SEC.) 

SPEED  (FT/SEC) 

WAVE  HEADING  (DEG.  ) 

HYDRODYNAMIC  A.M.  (  SLUGS) 

SHIP  MASS  (  SLUGS) 

SPEED  DEPENDENT  A.M.  <  SLUGS) 

TOTAL  ADDED  MASS  (  SLUGS) 

HYDRODYNAMIC  DAMPING  (  SLUGS/SEC) 
SPEED  DEPENDENT  DAMP . (  SLUGS/SEC) 
STRUCTURAL  DAMPING  (  SLUGS/SEC) 
TOTAL  DAMPING  (  SLUGS/SEC) 

DAMPING/ADDED  MASS  (1/SEC.) 

PHI-FORCE  4  MOTION  (  RAD.  ) 


7.458 
130.314 
2.1.05 
2.205 
47.010 
160.000 
2 . 3593E+06 
9 . 5377E+0S 


8.186 
121.917 
2.205 
2.205 
17.010 
160.000 
2 . 3593E+06 
9 . 5377E+05 


8.721 

114.439 

f.  305 
.205 
17.010 
160.000 
2 . 3593E+06 
9 . 5377E+0S 


(  SLUGS/SEC) 
(  SLUGS/SEC) 
(1/SEC. ) 

(  RAD.  ) 


MAGNIFICATION  FACTOR  (NON-D.) 
F  COS (EPS)  (LBS.  ) 
F  SIN(EPS)  (  LBS.  ) 
F-UAVE  EXCITING  FORCE(  LBS.  > 
EPS-FORCE  4  WAVE  (RAD.  ) 
DEFLECTION  AT  STERN  (  FEET  ) 
EPSI-UAVE  4  VIBRATION*  RAD.  ) 
M  COS(EPS2)  (  LBS.  ) 
M  SIN(EPS2 )  <  LBS.  ) 
M- BENDING  MOMENT  AMID(  LBS.  > 


EPS2-WAVE  4  B.M. 


(  RAD.  ) 


-3 . 6336E+03 

-3 . 6336E+03 

-3 . 6336E+03 

3 . 3094E+06 

3.3094E+06 

3 . 3094E+06 

7.1679E+04 

7 . 1679E+04 

7. 1679E+04 

1 . 4039E+04 

1 .4039E+04 

1 . 4039E+04 

1 .5182E+04 

1 .5182E+04 

1 . 51 82E+04 

1 . 0  090E+05 

1 . 0  090E+05 

1 . 0090E+0S 

0.030 

0.030 

0.030 

0.148 

1.571 

2.987 

1  . 1158E+Q1 

7 . 2321E+01 

1 . 0652E+01 

1 .4S85E+05 

8 . 3440E+04 

-1.1682E+0S 

-5 . 6081E+04 

-1 .3011E+05 

3 . 9397E+04 

1 .S626E+0S 

1 .5457E+05 

1 . 2329E+05 

5.916 

5.283 

2.816 

1 . 0836E-0 1 

6. 9474E-01 

8. 1618E-02 

-5.768 

-3.712 

0 . 171 

1 . 9668E+08 

-1 .3523E+09 

1 . 9527E+08 

1 . 1863E+08 

7 . 5530E+08 

4. 1135E+07 

2 . 2969E+08 

1 .5490E+09 

1 . 9956E+08 

0.543 

2.632 

0.208 

9.263 

9.811 

10.366 

107.743 

101.718 

96 . 273 

2.405 

2.505 

2.605 

2.205 

2.205 

2.205 

17.010 

17.010 

17.010 

160 .000 

160 . 000 

160 . 000 

2 . 3S93E+06 

2.3593E+06 

2 . 3593E+06 

9 . 5377E+05 

9 . 5377E+05 

9 . 5377E+05 

-3 . 6336E+03 

-3  6336E+03 

-3.6336E+03 

3 . 3094E+06 

3 . 3094E+06 

3.3094E+06 

7. 1679E+04 

7. 1679E+04 

7. 1679E+04 

1 .4039E+04 

1 .4039E+04 

1 . 4039E+04 

1 .5182E+04 

1 .5182E+04 

1 .5182E+04 

1 . 0  090E+05 

1 . 0090E+05 

1 . 0090E+OS 

0.030 

0.  030 

0.030 

3.062 

3.088 

3.100 

5 . 2567E+00 

3 . 4359E+00 

2 . 5249E+00 

-4.2340E+04 

1 . 1886E+05 

2 . 8242E+04 

1 . 0507E+05 

-3 . 4257E+04 

-7.2447E+04 

1 . 1328E+05 

1 .2370E+05 

7 . 775CE+04 

1.954 

6.003 

5. 084 

3 . 70  08E-02 

2 . 6414E-02 

1 .2202E-02 

1 .  108 

-2.915 

-1.984 

4. 1D68E+07 

-7 . 524OE+07 

-1 . 4780E+07 

9 . 4617E+07 

-2. 0210E+07 

-3 . 7477E+07 

1 . 0347E+08 

7 . 7915E+07 

4 . 0286E+07 

1 . 154 

3.404 

4.337 

0-75 


SPM2Z 


S.  J.  CURT 


CASE  8 


12/lti/BO 


III-33 


i'(  ■  ‘  bU 


SHIP/EFF.  WAVE 
EFFECTIVE  WAVE 
ENCOUNTER  FREQUENCY 
RESONANT  FREQUENCY 
SPEED 

WAVE  HEADING 
HYDRODYNAMIC  A.M. 

SHIP  MASS 

SPEED  DEPENDENT  A.M. 
TOTAL  ADDED  MASS 
HYDRODYNAMIC  DAMPING 
SPEED  DEPENDENT  DAMP 
STRUCTURAL  DAMPING 
TOTAL  DAMPING 
DAMPING/ADDED  MASS 
PHI-FORCE  4  MOTION 
MAGNIFICATION  FACTOR 
F  COS < EPS) 

F  SIN ( EPS ) 

F-WAVE  EXCITING  FORC£< 
EPS-FORCE  4  WAVE  ( 

DEFLECTION  AT  STERN  < 
EPS1-WAVE  &  VIBRATION! 
M  C0S(EPS2)  ( 

M  SIN(EPS2)  < 

M-BENDING  MOMENT  AMID( 
EPS2-WAVE  4  B.M.  < 


LENGTH (NON-D.  ) 
LENGTH!  FEET  ) 
(i/SEC.) 

< i/SEC . ) 
(FT/SEC) 

\  SESte! 

(  SLUGS) 

<  SLUGS) 

(  SLUGS) 

(  SLUGS/SEC) 

<  SLUGS/SEC) 

<  SLUGS/SEC) 
^ SLUGS/SEC) 


(  RAD. 
(NON-D 
(  L-BS. 
LBS. 
LBS. 
RAD. 
FEET 
RAD. 
LBS. 
LBS. 
LBS. 
RAD. 


1  0 . 927 
91.330 
2.705 
2.205 
17.010 

2.3493^+06 
9 . 5377E+05 
-3. 6336E+03 
3 . 3094E+06 
7. 1679E+04 
1 . 4039E+04 
1 . 5182E+04 
l.OOVOE+Oi 

3.108 
1 .9793E+0  0 
-7 . 9483E+04 
3 . 4695E+04 
8 . 6726E+04 
2.730 
1 . 0668E-02 
0.378 
3 . 4249E+07 
1 . 5011E+07 
3 . 7394E+07 
0.413 


11.494 
86 . 826 
2.805 
2.205 
17.010 

9 . 5377E+0S 
-3 . 6336E+03 
3 . 3094E+06 
7. 1679E+04 
1 . 4039E+04 
1 .5182E+04 

100ToSS 

3.113 
1 .6168E+00 
1 .4464E+04 
3 . 8748E+04 
4 . 1360E+04 
1.214 
4 . 15S9E-03 
1.900 
-5 . 5317E+06 
1 .4976E+07 
1  .S965E+07 
1.925 


12.067 
82.708 
2. 90S 
2.205 
17.010. 

2.349§£+06 
9.5377E+05 
-3.6336E+03 
3.3094E+06 
7 . 1679E+04 
1 . 4039E+04 
1 .5182E+04 

1  0098eoSq 
3.117 
1 .3S08E+00 
5 . 6215E+04 
-3 . 0725E+04 
6 . 4064E+04 
5.783 
5 . 41 01E-03 
-2.666 
-1 .9379E+07 
-1 . 0784E+07 
2 . 2177E+07 
3.649 


SHIP/EFF.  WAVE  LENGT 
EFFECTIVE  WAVE  LENGT 
ENCOUNTER  FREQUENCY 
RESONANT  FREQUENCY 
SPEED 

WAVE  HEADING 
HYDRODYNAMIC  A.M. 
SHIP  MASS 

SPEED  DEPENDENT  A.M. 
TOTAL  ADDED  MASS 
HYDRODYNAMIC  DAMPING 
SPEED  DEPENDENT  DAMP 
STRUCTURAL  DAMPING 
TOTAL  DAMPING 
DAMPING/ADOED  MASS 
PHI-FORCE  6  MOTION 
MAGNIFICATION  FACTOR 
F  COS(EPS) 

F  SIN(EPS) 

F-UAVE  EXCITING  FORCE 
EPS-FORCE  4  WAVE 
DEFLECTION  AT  STERN 
EPS1-WAVE  4  VIBRATIQh 
M  C0S(EPS2) 

M  SIN<EPS2) 

M- BENDING  MOMENT  AMII 
EPS2-WAVE  4  B.M. 


T( NON-D .  ) 

12.644 
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Enclosed  please  find  our  final  comments  to  the  comparisons  between  computed  nd 
measured  springing  RAO's.  As  noted  In  the  write  up,  we  have  by  removing  the  aft 
transverse  section  from  the  analysis  obtained  a  substantial  change  in  the  results. 
This  change  In  modulation  Is  justified  since  the  linear  theory  applied  does  not 
account  for  sections  Inclined  to  the  sea  surface.  Such  sections  has  as  noted  a 
serious  Influence  on  the  results  which  obviously  tend  to  disturb  the  balance  of 
forces . 


We  hope  that  you  find  cur  comments  of  interest  and  If  additional  clarification 
Is  needed  please  let  us  know  as  soon  as  possible.  , 


Yours  faithfully 
for  Det  norske  Veritas 


Klre  Lindemann 
Senior  Research  Engineer 


U.S.C.G.  Springing  Project 
Comments  to  comparisons: 

The  springing  calculations  performed  by  VERITAS  were  purely  based  on 
theoretical  considerations,  applying  a  new  and  advanced  computer  program, 
/l/. 

However,  this  program  which  is  linear  can  not  account  for  transverse 
sections  Inclined  to  the  sea  surface.  This  was  the  case  for  the  sections  ' 
In  the  afterbody  of  "S.J.  Cort".  A  redefined  model  of  the  hull  without 
these  aftermost  sections  gave  more  than  SOt  reduction  of  the  peak  bending 
moment  and  a  slight  Increase  In  the  resonance  frequency,  leading  to  a  con¬ 
siderably  better  agreement  with  the  measured  data,  (See  enclosed  figure). 

It  should  further  be  noted  that  the  amplification  factor  for  bending  moment 
near  springing  resonance  change  rapidly.  Hence  the  calculations  does  not 
necessarily  reveal  the  true  behaviour  of  the  response,  unless  a  fine  sub¬ 
division  of  the  frequencies  are  chosen  in  this  region.  It  may  therefore 
be  questioned  whether  or  not  the  comparisons  between  different  programs  are 
representative,  as  long  as  the  computations  have  been  done  for  different 
frequencies,  with  unequal  subdivisions,  near  resonance. 

> 

/!/  Skjordal,  S.O.  and  Faltlnsen,  O.M.: 

A  linear  theory  of  springing. 

Journal  of  Ship  Research  Vol.  24,  No. 2  June  1980  pp.  74-84. 
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INTRODUCTION 


-  1  - 


Theoretical  calculations  of  the  vertical  dynamic  bending 
moment  midships  have  been  carried  out  for  the  Great  Lakes 
carrier  *S.J.  CORT".  Originally,  the  purpose  was  to  perform 
these  calculations  for  8  different  cases t 


COND. 

1  x) 
SPEED  (MPH)  ' 

i  DRAUGHT 

HEADING 
ANGLE  (DEG.) 

FWD 

MID 

AFT 

1 

14. 

19  *  11" 

20' 

7" 

22'0" 

6 

2 

14.4 

19 ’ 11* 

20' 

7" 

22*0" 

11 

3 

14.?' 

27'  0" 

27* 

0" 

27  ’0" 

6 

4 

1.4.2 

27'  0" 

27' 

0" 

27*0" 

9 

5 

13 . 5 

27*  0" 

27* 

0" 

27*0" 

23 

6 

13.5 

27'  0" 

27' 

0" 

27'0" 

10 

7 

11.6 

18*  0* 

19' 

11" 

21*3" 

0 

8 

11.6 

19' 11" 

20' 

7" 

22'0" 

20 

TABLE  1 


The  bending  moments  were  to  be  calculated  fox:  a  frequency 
raifge  0.2  -  2.5  (rad/sec)  with  increments  of  0.5  (rad/sec). 

However,  the7  actual  computer  program  "NVSPRING"  is  based  on 
the  springing  theory  of  Skjdrdal  and  Faltinsen  (ref.  /I/), 
which  is  valid  for  head  waves  only.  This  eliminates  the 
heading  angle  dependence  in  Table  1  and  reduces  the  number 
of  different  cohditlons  from  8  to  6i 


«) 

'We  have  interpreted  the  notation  "MPH"  as  "English  miles 
(1609  meters)  per  hour". 


H-7 


2 


COND. 

SPEED  (MPH) 

F  DRAUGHT  1 

FWD 

MID 

AFT 

1 

14.4 

19 ' 11" 

20'  7" 

22*0" 

3 

14.7 

27'  0" 

27*  0" 

27*0" 

4 

14.2 

27*  0" 

27*  0" 

27*0" 

5 

13. 5 

27*  0" 

27*  0" 

27*0" 

7 

11.6 

18*  0" 

19*11" 

21*3" 

8 

11.6 

19*11" 

20*  7" 

22*0" 

TABLE  2 


Calculations  for  condition  1  revealed  that  a  large  number 
of  frequencies  was  necessary  to  produce  a  meaningful  RAO 
for  the  bending  moment.  Especially  near  resonance  the  program 
"NVSPRING"  had  to  be  run  for  small  frequency  steps  in  order 
to  detect  the  resonance  peak. 

We  therefore  decided  to  concentrate  the  efforts  on  performing 
rather  accurate  calculations  for  condition  1.  It  is  not  ex¬ 
pected  that  the  other  conditions  will  show  any  major  discre¬ 
pancies  from  these  results,  since  the  variations  in  speed 
and  draught  are  rather  small.  However,  we  suggest  that  addi¬ 
tional  bending  moment  calculations  near  resonance  may  be 
performed  for  case  3,  5,  and  8  on  your  request,  when  we  have 
.  received  some  feed-back  from  the  comparisons  with  measurements 
for  condition  1. 


H-8 


3 


2.  COMMENTS  ON  THE  THEORY 

The  theory  behind  the  computer  program  "NVSPRING"  is  outlined 
in  ref.  /I/.  However,  some  basic  assumptions  inherent  in  this 
theory  should  be  emphasized: 


1.  The  theory  is  linear,  only  valid  for  (infinitely)  small 
oscillations.  This  is  generally  a  good  approximation 
in  the  high  frequency  region,  since  the  wave-induced 
motions  are  small.  However,  the  assumption  may  cause 
some  problems  for  hull  sections  not  intersecting  the 
free  surface  normally. 

This  is  the  case  of  the  aftermost  stations  of  "S.J.  CORT" 
since  the  aft  body  sections  are  inclined  to  the  still 
water  line.  These  sections  will  contribute  with  a 
considerably  amount  of  wave  damping,  even  in  the  high 
frequency  domain. 

2.  The  theory  is  developed  for  regular,  head  waves  only. 
However,  for  "nearly  head  waves"  with  a  heading  angle 
from  0°  to  about  10°  the  variations  in  the  results  are 
expected  to  be  small. 


3.  The  calculations  of  excitation  forces  ajre  based  on  a 

"short  wave"  assumption.  This  may  create  some  inaccu¬ 
racies  for  waves  longer  than  the  shiplehgth. 

For  springing  calculations,  however,  th^,  assumption  is 


$  the  most  ad- 
1  since  it  is 


highly  relevant.  In  fact,  this  theory 
vanced  springing  theory  developed  today 
based  on  slender  body  methods  to  calculate  the  wave 
diffraction  potential,  rather  than  any  strip  theory 
or  relative  motion  hypothesis. 


4.  The  forced  motion  potentials  have  been  calculated  simi¬ 
larly  to  the  Ogilvie  and  Tuck  /2/  formulae.  Added  mass 
and  damping  in  heave  motion  are  evaluated  by  the  use  of 
a  two-parameter  Lewis-form  technique. 
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5.  The  formulation  Includes  a  variable  distribution  of  mass 
and  stiffness  along  the  hull  beam.  However,  In  the  case 
of  "S.J.  CORT"  a  uniform  weight  and  stiffness  have  been 
applied. 
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DAMPING 


At  resonance  the  peak  will  be  determined  by  excitation  forces 

a 

and  damping,  since  the  mass  forces  and  restoring  forces  will 
cancel.  The  damping  in  "NVSPRING”  comes  from  two  different 
sources : 

* 

1.  Wave  damping,  due  to  formation  of  surface  waves  from  the 
ship's  forced  motion  in  otherwise  calm  water. 

2.  Material  damping  in  the  steel  structure.  This  structural 
damping  is  difficult  to  predict,  since  it  is  generally  a 
function  of  several  parameters,  and  it  can  only  be  mea¬ 
sured  experimentally.  Skj0rdal  and  Faltinsen  have  sug¬ 
gested  that  the  structural  damping  could  be  included  by 
introducing  a  linear  Voight-type  visco-elastic  material 
by  writing  the  Young's  modulus  on  a  complex  form: 

E*  -  E('l  +  kd) 

According  to  La2an  /3/  the  actual  range  of  k^  is: 

5*10"4  <  kd  <  3*10“3 

Our  calculations  have  been  carried  out  with  three  different 

> 

values  of  kd* 

kd  «  5*1(T4,  1.75-10"3,  and  3*10-3 

The  results  in  fig.  2  show  no  significant  discrepancies  between 
the  bending  moment  curves  drawn  for  the  different  choices  of  kd» 
The  model  run  by  Skj0rdal  and  Faltinsen,  however,  displayed 
a  more  significant  dependence  on  kd* 

The  reason  is  probably  that  the  wave  damping  contribution  in 
our  case  is  the  dominating  part,  due  to  the  special  aft  body 
sections  of  "$.J.  CORT"  and  the  large  beam/draught  ratio 


H-ll 


(about  5),  while  the  modal  of  Skjdrdal  and  Faltinsen  inter¬ 
sected  the  still  water  surface  normally  everywhere  and  had 
smaller  beam/draught  ratio. 
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4.  PRESENTATION  OF  RESULTS 


The  main  data  for  ”S.J.  CORT"  used  in  cond.  1  lai 


Length  I 

Beam  i 

Draught  fwd.  t 

"  mid.  t 

•  aft  i 

Displacement  t 

Spaed  t 

Froude  number  t 

Second  moment  of 

inertia  of  midship  section: 


i  L  ■  1000'  (305  m) 

i  B  -  104.5'  (31.88  m) 
»  dp  -  19,11"  (6.07  m) 


-  20*7"  (6.27  m) 

-  22'0"  (6.70  m) 

*  56.608  L.  Tons 

(55.717  metric  tons) 

«  14.4  MPH 

(12.5  knots  -  6.45  mS* 

-  0.12 


2.401*106  in2ft2 


(144.0  m’) 


The  vertical  dynamic  bending  moment  as  function  of  the  encounter 
frequency  is  presented  in  the  attached  figures  1  and  2.  Note 
that  the  moment  is  the  sum  of  the  wave  bending  moment  and  the 
springing  moment  and  is  given  per  wave  amplitude.  The  unit 
is  (L.  Tons  x  FT) /FT  x  103. 


The  wave  bending  moment  is  small  at  a  frequency  about  2  (rad/ 
sec),  so  there  will  be  a  significant  contribution  from  springing 
near  this  frequency. 
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